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as boiler teste are usually conducted, are of very limited value. Too 
many unfounded assumptions are usually made. "Coal" is taken 
as equal to something to be found in tables, sometimes even with- 
out allowing for surface moisture, which may be dried out ; yet 
there is more difference in coal than there is in boilers, rejecting 
boilers notoriously defective, and surface water will range all the 
way from 0.5 per cent, to 8 per cent. " Steam " is taken as of fixed 
and standard quality, as if it were dry, sat lira tud steam, which is 
possible only when no steam is drawn from the boiler, and when 
none has been drawn from it for some little time. 

The hygroinetric condition of the air is neglected, and its tem- 
perature and its barometric pressure; or, if observations are taken 
of the hygrometer, thermometer and barometer, the corrections 
these instruments would supply are rarely made. Steam-gauge 
pressures indicate different absolute pressures, and different quanti- 
ties of heat, at varying barometric pressures. 

Little attention ib usually given to the question : How large a 
proportion of the air in the chimney gases really passes through the 
incandescent fuel on the grates \ and how much infiltrates at cracked 
or ill-fitting doors, at cracks in the brick-work, and between the 
brick-work and arch front, or through the brick-work itself '? Lastly, 
it is believed that this is the first serious attempt, outside of the 
technical school or laboratory, to carry out a thorough, continuous 
analysis of flue gases — by tar the most important point of attack 
upon the difficult problem of coal combustion. Unless the com- 
position of the escaping gases is known, nothing is known ; this 
accurately ascertained, and their weight and temperature, almost 
everything which it is desirable to know is ascertainable. 

Some of the instruments devised and constructed for these exper- 
iments, and used in carrying them on, will be found of interest. 
Such are the calorimeter, the water-platinum pyrometer, the two- 
fluid anemometer and the incased aneroid barometer. 

This warm-blast apparatus Beeme to afford a means of securing a 
net saving of 10 to 18 per cent, over the best attainable practice 
with natural chimney draft and with air supplied to the furnace 
at usual external air temperatures ; at least five times as much as 
can he saved by any and all other methods, save the Green Econo- 
mizer, which is an analogous device, only available where largo 
quantities of warm water are in constant demand ; and should com- 
mend itself to the attention of all large consumers of coal, as soon 
as the durability of the apparatus is well established by sufficiently 
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protracted use. There are some incidental advantages, growing out 
of the more complete control of the rate of combustion ; and there 
is, it must be said, an offset to these advantages in the more rapid 
deterioration of fire grates, the importance of which can only be 
determined by prolonged experience. 

The expense of these experiments, which grew out of a sugges- 
tion at the end of a pamphlet " On the Combustion of Fuel " * was 
borne by an association of mill owners and manufacturers. Their 
object may he stated as follows : 

1. To ascertain how large a portion of the heat generated by the 
combustion of commercial coals, with the best attainable practice 
by natural chimney draft, escapes through the chimney, serving 
no useful purpose except in producing the draft. 

2. To ascertain what portion of such escaping heat could practi- 
cally be arrested and returned to the furnace in a warm blast, by 
means of an apparatus of admissible size and cost. 

3. To determine the form and dimensions of apparatus suth'ciently 
well adapted to this purpose. 

4. To ascertain the cost of driving a blower to supplement the 
loss of chimney draft suffered in consequence of the reduced 
temperature of the finally-escaping flue gases, 

5. To obtain by observation the data for striking a balance of 
advantages and disadvantages resulting from the use of such appa- 
ratus, as compared with natural draft, under conditions substan- 
tially similar; and 

6. To obtain as much information as such experiments could be 
made to yield upon all questions relating to the economical combus- 
tion of coals and the generation of steam. 

It will be apparent, on reflection, that the problem was far from 
simple, and by no means easy. It would not do to confine the ex- 
periments to a boiler with the warm-blast apparatus, and then to 
institute a comparison with alleged results obtained in ordinary 
.practice, since there might easily be found in " ordinary practice" 
defects of care, skill or arrangement, which would make the com- 
parison unduly favorable to the device. Again, the use of a blower, 
or exhaust-tan, by giving control of the draft, would give facil- 
ity for more rapid combustion, and, consequently, for more rapid 
steam generation, which, unless guarded against or duly allowed 
for, might, by increased "priming" — water entrained with the 
Bteam but unevaporated — have given a deceptive appearance of ad- 
* See Appendices III. aud IV. 
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vantage arising from a positive loss; a favorite ruse of empirical 
boiler-improvers time out of mind. 

It was therefore thought necessary to lay out a comprehensive 
series of experiments; first, with a boiler similar in form, dimen- 
sions and setting to all the fifty boilers of the Pacific Mills, in order 
to ascertain just how near to theoretically perfect conditions we 
could bring that boiler, in actual practice, week by week; and 
secondly, just what proportion of the inevitable loss of heat was 
suffered at the chimney, and what degree of efficiency was attain- 
able. 

This knowledge gained, as a secure basis of comparison, similar 
experiments, modified only so far as necessary to adapt them to the 
modified arrangement of the boiler setting, were carried out with 
the boiler fitted with the warm-blast apparatus: the two sets of ex- 
periments being designated, for distinction, il cold blast " (or Pacific) 
and " warm blast." 

The observations covered the following points : 

1. Coal. — Time of each firing and quantity fired ; quality and 
condition; temperature; samples taken at every firing, and analy- 
sis of the daily samples. 

2. Refuse. — Divided into "cinders," picked out by hand, yield- 
ing by analysis about 41 per cent, of carbon ; partly burned coal, 
about 62 per cent, carbon ; and ashes, of several grades, about 14 
per cent, carbon. Several screens of different degrees of fineness 
were used, and the several grades were weighed, sampled and ana- 
lyzed, for the few first weeks. But a very perfect check upon this 
work (which will be pointed out farther on), enabled us to dispense 
with these laborious and costly analyses of refuse. 

3. Water. — Quantity fed into the boiler ; time and weight noted 
every time a tank was emptied ; height of water level in glass 
water-gauge attached to boiler — temperature and height noted every 
quarter of an hour. 

4. Air. — Quantity, with cold-blast, deduced from the composition 
of the flue gases, determined by continuous analysis, together with 
the tension of these gases, and their temperature: the tension as- 
certained by means of a large aneroid barometer inclosed in an air- 
tight case, communicating through a tube with the flue, and, by a 
three-way cock, with the atmosphere ; and the temperature by means 
of mercurial (chemical) thermometers, inserted in tubes filled with 
sperm oil, set in the fine. With the warm blast, in addition to the 
foregoing, a record was kept of the revolutions of a Root blower 
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of known measured capacity, and ascertained rate of leakage. The 
hygrometric state of the air was deduced by quarter-hourly 
notes of a hygrometer. The temperature of the external air and 
of the air of the boiler-room was regularly noted, and with the 
warm blast, the temperature on entering the " abstractor," to be 
warmed by the outflowing gases, and again on emerging from the 
abstractor, to enter the ash-pit. 

There was also a hot-air fine for highly heating (at will) a part of 
the air, with provision for introducing it at a "split bridge," with 
dampers to regulate its admission, and provision for observing the 
temperature of such highly heated air. 

5. Gaseous Products of Combustion. — Continuous analysis by 
the gravimetric method, each forenoon's and each afternoon's pro- 
duction by itself, with occasional special examinations of shorter 
periods, to observe the effect of modes of firing, of introducing hot 
air, and other variations from the usual conditions. The gases given 
off during the night from banked Area were also continuously ana- 
lyzed and their volume determined, in the experiments with cold 
blast; but with the warm blast, the dampers were finally made so 
tight that no current could be detected, and the loss— whatever it 
was — could not be estimated. Thia gravimetric method of gas 
analysis, which is very interesting and not hitherto generally prac- 
ticed, will be fully described in its proper place. 

6. Steam. — Pressure recorded by an Edson pressure-recording 
gauge, and noted every quarter of an hour by a test gauge, known 
to agree with a mercurial column ; supplemented by quarter- hourly 
readings of a signal service (mercurial) barometer; and its qual- 
ity as to saturation, moisture or superheating ascertained. This 
was done with cold blast, in which case the boiler had no super- 
heating snrfaco, by a steam calorimeter, to be hereafter described ; 
and with warm blast, in which case there was ample superheating 
surface and constant superheating in fact, by the thermometer. 

7. Fiee. — Temperature in center of incandescent coal, at bridge 
wall, and at the pier, where the gases are about to enter the boiler 
flues, taken by the water-platinum pyrometer. 

8. Flue Gases. — Their temperature on emerging from the 
boiler flues, in smoke-box; on entering the abstractor; on emerg- 
ing from the abstractor, and on passing to the exhaust blower. 

9. Beick-woke. — Radiation from its surface; conduclion of heat 
from inside to outside. 

For carrying out these experiments, several new instruments, or 



TBIALH OF A WAKM-BLAST APPARATUS. 



Dew forms of old ones, were devised and constructed. The more 
important of these will be found described in the proper place. 

It is obvious that these observations and experiments could not 
all be carried on simultaneously and kept up throughout the whole 
period covered by the tests, without a larger force of assistants 
than it would have been judicious to employ. Nor was this neces- 
sary. Calorimetric experiments on the quality of steam, for 
instance, which are delicate and laborious, demanding the closest 
attention of skillful observers, can be so timed with respect to the 
rate of steam generation and consumption as fairly to represent 
ordinary conditions. Such experiments were, in fact, confined to 
one week, July 11-16, 1881, when fourteen experiments, fully 
detailed in the appropriate place, were made and recorded. 

Pyrometric experiments in the fire, at the bridge wall and at 
the pier, were chiefly directed to ascertaining the temperature of 
new fires, well-kindled fires, new, old, or spent fires, and banked 
fires, with anthracite and with bituminous coal. 

Experiments on the radiation and conduction of brick-work 
were made as time and convenience would permit. 

Valuable information was obtained on the necessity of carefully 
sampling the gaseous products of combustion, which exist in flues 
and chimneys in most heterogeneous mixtures, far from being 
equally diffused ; and on practicable methods of satisfactory sam- 
pling, all of which are fully described. 

The power consumed in driving the suction blower was carefully 
ascertained. Some curious experiments, not. devoid of interest, 
were made to ascertain the quantity of solid carbon carried off in 
black smoke with the chimney gases from bituminous coal — a very 
small proportion of the carbon consumed. 

Each one of the tests of evaporation here reported was canned 
on continuously during an entire week. Early on Monday morning, 
the boiler and the water it contained being cooled down nearly to 
the temperature of the boiler room, a wood fire was lighted and 
kept up until the steam gauge showed about 50 pounds pressure 
per square inch, whereupon the fire was drawn, and the furnace 
and ash-pit were cleaned out. A quantity of wood, usually about 
263 pounds, weighed and sampled for analysis,* was then put on 
the fire grate for kindling, and coal was thrown on at the discretion 



* Several analyses of the wood we 
me, as the quantity of wood used ( 
compijsiiiuii, the usual ratio, 40 ]>■ 



e made, but as these analyses aro trouble- 
as small, and as dry wood is nearly uniform 
r cent, of coal, wes adopted. 



BEGINNING AND ENDING TRIAIS. 7 

of the skillful and attentive fireman, and weighed at every tiring. 
A platform scale, fitted with a box of plank, having sides and a 
bank, but open in front, was kept exclusively for weighing coal. 
500 pounds of coal filled the box conveniently full — the box itself 
being balanced by a counterpoise on the scale beam. Tim weight 
of a charge and the time of charging being noted, the weight was 
again taken and noted after each firing, and the time of opening 
and closing the fire door was alto noted. The successive differ- 
ences were the quantities thrown on the grate at the respective 
firings, and their sums were the total quantities fired during the 
period covered by the notes summed up. 

The notes of each day's tiring were plotted, graphically, on sec- 
tion paper, to guard against errors and omissions. 

Near the close of the day, as early as the demand for steam would 
permit, the tire was "banked," all dampers were closed and so left 
till morning, when the dampers were opened, the tire was cleaned, 
and fresh coal was thrown on. It is, therefore, evident that all the 
fuel consumed during the week has been charged to the boiler, ex- 
cept the wood consumed on each Monday morning in raising steam 
to about fifty pounds pressure. 

The actual pressure at starting the fire and at opening the damp- 
ers in the morning, was observed and recorded, together with the 
height of water in the boiler, this latter being taken from a Ecale 
attached to the glass water-gauge; and similar observations were 
noted at stopping, as well as every fifteen minutes of the day — and 
sometimes of the night— and the differences in height of water and 
in pressure of steam, between starting on Monday morning and 
stopping at noon on Saturday, were duly allowed for. A table 
will be found on a subsequent page giving the number of pounds of 
water contained in the boiler at each inch in height of the glass 
water-gauge, from to 10 inches, and for pressures varying by 5 
pounds, from atmospheric pressure to SO pounds above, with differ- 
ences for convenience of interpolation. 

As to the omission of the quantity of wood consumed in raising 
steam on Monday morning, it is proper to forestall criticism by the 
remark that in no other way could the several trials be made so 
strictly comparable as by starting and stopping in each case, as 
nearly as possible, with steam at the same pressure and with water 
at the same level. The same method was pursued in every case, 
so that the comparison of one ca&j with another is as just as it seems 
possible to make it without continuous uninterrupted tiring. 



TRIALS OF A WAP.SI-BLAST APPARATUS. 



The an tli rati to coal was Lackawanna, taken from "pocketi 
Boston, egg size, very uniform, and of good quality and reasonabl i 
dry, the analysis showing only 2.78 per cent, of water. 

The bituminous coal was Cumberland, kept under cover, and was 
also of good quality, and contained even less water than the anthra- 
cite. 

Samples about as large as a coffeediean were taken at each firing 
— averaging about one from every tenth lump (of the anthracite), 
each full day's samples filling a compartment three inches cube, in 
a box containing six such compartments; and ail the samples of 
each week were pulverized and treated in the usual manner. 

Two independent analyses were made of each week's samples, 
and sometimes, when there appeared to be too much difference, a 
third analysis was made for confirmation or correction. A con- 
siderable quantity of each of the pulverized samples, each separately 
bottled and labeled, is preserved for future verification, if desired, 

A summary of the results of coal analysis is subjoined (Table I.), 
the anthracite used with cold blast being the mean of five weeks' 
firing. 
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The two boilers with which experiments were made were pre- 
cisely alike, and were substantially like all the boilers in use at the 
Pacific Mills, about fifty in number, some of which are a little less 
in length. They are of the class known as externally tired, return 
tubular boilers. The cylindrical shell, of flange iron 0.375 inches 
thick, is 60 inches in diameter outside of the small courses, double- 
riveted in the longitudinal seams, and 21 feet in extreme length, 

* The Oxygen, Nitrogen and Sulphur not separated in the anthracite. 



including the smoke-box cover ; the smoke-box at the front end 
being 1 foot long, and the flues 20 feet. These are 3.5 inches in 
diameter outside, lap-welded iron tubes, set in squares and in 
straight rows both horizontally and vertically, 4.5 inches between 
centers, and therefore with 1 ineh clear space between them. 

They are arranged in 7 horizontal rows ; 4 rows of 11 tubeB each, 
one of 9, one of 7, and one of 5, making 65 tubes in all. The middle 
tube of the row next to the upper row, is in the center of the shell, 
which leaves at the bottom a space of 5.37 inches between the 
lower side of the flues and the inner side of the small courses, 
4.87 inches between the flues and the rivet-heads, and at the near- 
est, 3.09 inches, radially, between the flues and the smaller courses, 
and 2.59 inches between the nearest tubes and the rivet-heads. 
The provision for water circulation is therefore sufficient, and is 
further aided by setting the smoke-box entirely forward of the 
arch front, so that a length of 12 inches of the water space at the 
front end, immediately back of the smoke-box, is embraced in the 
brick-work, and shielded from the direct action of the fire, which, it 
is believed, produces a downward current at that point, to supply 
the rapid evaporation directly over the fire-grates. These are 5 
feet 2 inches long from the fire-brick lining of the arch front to 
the bridge wall. 

The fire-grates of the original "Pacific" boiler, with which the 
cold-blast experiments were made, were 5 feet wide between the 
side walls; those of the new boiler, with hot-blast apparatus, 5 feet 
4 inches wide. The side walls of the Pacific boiler are offset 
above the grates, until at the level of the bridge wall, they are 5 
feet 6 inches apart, at which point they are 24 inches thick; and 
are closed over against the boiler at the middle of its height, where 
the space is 3 inches to the smaller course?, 2.62 inches to the 
larger courses, and 2.12 inches to the rivet-heads. The brick-work 
closing the spae? between the side walls and the boiler, is 9 inches 
in depth, and above it the right-hand side wall is carried up 3 
inches above the top of the boiler, where the covering bars are 
laid on. The left-hand side is occupied by a horizontal brick flue, 
conveying the gases of combustion, received from the smoke-box 
through a plate-iron smoke bonnet, to the rear of the boiler setting, 
where a vertical brick flue, 16 x 36 inches, conducts them down 
below the floor of the boiler-house, to enter the side of an under- 
ground brick flue extending along in the rear of the boilers to the 
:himney, located just outside of the boiler-house, as seeu in Fig. 1. 
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The covering over the boiler is as follows: suitable cast-iron 
bare of X section are laid about 3 feet apart, across the boiler, 
supported by the side wall of the boiler Betting on one side, and 
by the wall of the flue on the other side. On the flanges of these 
bars were placed, at intervals of a brick's length — 8 inches — smaller 
bars, of similar section, on the flanges of which bricks were placed ; 
and on the covering so made two courses of brick were laid in 
mortar. The space between this covering and the boiler is left 
vacant. Suitable openings are left for access to the man-hole 
cover, safety-valve seat, and feed-water inlet. The side and end 
walls, reduced to 12 inches in thickness, are carried up two or 
three courses higher than the covering over the boiler, in the form 
of a low parapet. 

The boiler is supported at the front end by the arch front, at the 
rear end by a massive pier of fire-brick, and on the side wall by 
strong lugs, two on each side, riveted to the boiler. 

Feed water is supplied to the boiler at the top, near the rear end, 
through a nozzle provided for the purpose, through a pipe carried 
down to and into the water, and around the flues nearly to the 
bottom, to enable the feed water to acquire nearly the temperature 
of the water in the boiler before its discharge from the pipe. 

All the experiments with cold blast, and with natural chimney 
draft, were made with this Pacific boiler and boiler sotting, as above 
described. Subsequently, the warm-blast apparatus waB placed on 
top of this boiler ; but without any alteration of the boiler-setting, 
except to discontinue the use of the horizontal flue on top and the 
vertical flue in the rear ; and to make flues on each side for the 
warm blast, from the front end of the abstractors to the ash-pit. 
It will be seen from this description that this boiler has no super- 
heating surface, unless the two or three square feet above the water 
level in the smoke-box be so considered, and as the gases here are 
but a few degrees warmer than the steam in the boiler, this is too 
trivial to produce a sensible effect. 

The top of the fire-grates is 20 inches below the bottom of the 
boiler ; the top of the bridge wall, 12 inches above the grates, and 
the pavement back of the bridge wall, 22 inches below the top of 
the bridge wall, and 30 inches below the boiler. The whole — fur- 
nace and combustion chamber — is lined with fire-brick, all headers 
in the furnace ; and the rear wall is brought over by offsets, nearly 
to contaet with the end of the boiler, above the flues, large tile, 
18 inches long, 12 inches wide, and 3 inches thick, being freely 



i 



BOILEB-HOTJSE. 




' 



TRIALS OF A WARM-BLAST APPARATUS. 



REFERENCES TO GROUND PLAN OF BOILER-HOUSE. 

A, A, Water tank on platform scales. 

B, Water meter. 

C, Water pipes and valves for filling tanks. 

D, Platform scales for, weighing coal. 

E, Calorimeter «n its platform scale. 

F, Screen tn protect calorimeter from radiant heat 

G, EdBon pressure recording gauge. 
H, Test steam gunge. 

I, Steam pipe to supply injector. 

K, K, Pipe for direct wator supply ; not used during these experiments. 

L, Main steam pipe : wrapped with felt. 

M, Root blower, for exhausting gases. 

N, Steam engine to drive blower. 

P, Man-hole of hoiler. 

Q, Condenser for ascertaining the quantity of heat rejected by the steam 
engine. 

R, R, R, R, Cold-air boxes leading to abstractors, 

B, H, Abstractors of boiler No, 1. 

T. Steam pipe to supply steam engine N. 

U, U, Small doors for inserting heat-carriers of pyrometer, at bridge wall and 
pit*. 

V, Shelf for pyrometer, at pier. 

W, Water pipe from injector to boiler. 

X, Chimney. 

Y, Coal shed. 

Z, Horizontal flue on top of boiler with cold blast : subsequently removed, 
when the second form of abstractor was applied to iliia boiler, converting it into 
warm-blast boiler No, 2. 
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used to give strength and stability to this overhanging wall ; and 
for the same purpose the rear wall was made 3 I'eet 4 inches thick. 
' The boiler to be designated boiler No. 1, warm blast, was pre- 
cisely similar to the " Pacific " boiler described above, but its set- 
ting was in some respects quite different. 

The side walls are 33 inches thick, 9 inches being of fire-brick 
and 24 inches of red brick. This gives room for descending fines 
on each side, 8 inches in thickness, from the abstractors to the ash- 
pit, with 9 inches of fire-brick between them and the fire, and 16 
inches of red brick outside. These walls are placed 5 feet 6 inches 
apart, and are plumb all the way up to 1 inch above the axis of the 
boiler, except a slight contraction of the space between them, of 
1 inch on each side, at the fire grates, which are 5 feet 4 inches 
wide. From the top of these walls, a semicircular arch is sprung 
over the boiler, leaving a clear space between it and the smaller 
courses of the boiler of 3 inches at the sides, and 4 inches at the 
top, into which the hot gases could freely ascend, although no cur- 
rent could pass through. The temperature found in this space at 
the top — 700° to 900° F. — gave at all times a slight degree of 
superheating, and care was taken to carry the water pretty high in 
the boiler, to avoid danger of injury to the plates. 

At the close of the experiments with this boiler, before turning 
it over for regular use, large fire-brick tile — 18 x 12 x 3 inches — 
were inserted, one by one, the whole length of the boiler on both 
sides, just below the arch, closing up the space between the side 
walls and the boiler, so that there was thereafter no superheating 
surface in this boiler. The reason for shutting off' the superheating 
surface, when no longer required for experimental purposes, was 
to guard against overheating the plates. 

The space between the rear end of this boiler and the rear wall 
is closed, or covered, above the fines, by a transverse arch of 5 feet 
span, 12 inches versed slue and 42 inches radius, resting on corbels, 
brought out 3 inches on each side from the face of the side walls, 
at about the level of the axis of the boiler. This arch, composed, 
in fact, of a series of superimposed arches, one tire-brick (4.5 
inches) in depth, was carried up even with the in trades of the arch 
over the boiler, which was continued on over it, to break the joint 
and to make the brick-work continuous ; but was not built np close 
against the end of the boiler, a space of 0.75 inch being left for 
difference of expansion between the boiler and the brick-work. 

One reason for arching over the boiler in the manner described, 
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was to obtain a secure foundation for the abstractors. Tbese y 
placed on top, one at each eide (Fig- 2), leaving a space of 3 fee 
in width between them, for access to the man-hole, safety valve an 
other attachments on top of the boiler. Side walls 8 inches thicl 
32 inches apart, the face of each outside wall flush with the fac 
of the side wall of the boiler setting, were covered over (after th 
tubes of the abstractor were put in), by supporting J, bars 8 inchc 
apart, and by 3 courses of brick resting on these bars. The flues ft 
conveying the gases of combustion through the abstractors fror 




the smoke-bonnet to the blower at the rear of the boiler, are 24 
in number — 120 in each abstractor— of ordinary lap-welded tube 
2 inches in diameter outside and 20 feet long, set by expandin 
their ends in cast-iron flue sheets provided with suitable flanges ft 
fixing them securely in the brick-work. These 2-inch srnoke-flui 
are set 3 inches apart, between centers, in 12 horizontal rows, 1 
tubes in each row, in each abstractor, in equilateral triangles 
and incased, each one in a 3-inch tube of thin iron, locked spiral I; 
leaving between the smoke-flue and the incasing tube an annuls 
space a little less than 0.5 inch in width radially, with pegs pre 
jeeting from the inner flue to keep each tube and its casing in 
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toncentric position. The 3-inch tubes were bedded in mortar, and 
rested against each other at their lines of contact. 

The 3-inch tubes were only 18 feet long— 2 feet less than the 
2-inth smoke-flues. As the air to p:.ss through the 3-inch tubes, in 
tlie annular space between them and the 2-iuch smoke-flues, was to 
be received at the rear end, at the top, and discharged at the front 
end at the bottom, the rear ends of the upper rows and the front 
ends of the lower rows of incasing tubes, were set 21 inches from 
the respective flue sheets; and the front ends of the upper rows, 
and the rear ends of the lower rows of these same tubes were set 
3 inches from the flue sheets; and the ends of all intermediate 
rows at proportionate distances, in order to facilitate the admission 
and discharge of air. A cold-air box of thin plate iron, provided 
with an air-tight damper at its outer end, and branching equally to 
the two abstractors, supplies air from without the boiler-house at its 
rear end, and the descending fines in the brick-work already men- 
tioned conduct Hie warm air from the abstractors to the ash-pit, 
through arches in the side walis, below the fire grates (Fig, 3). 

The gases of combustion are conveyed from the smoke-box to 
the abstractors at the front end, by a branching smoke-bonnet of 
ample area (less would be better, causing less radiation), and at 
the rear they are drawn together again through converging flues to 
a single descending brick fine leading to the exhausting blower, 
which dischargee directly into the under-ground brick flue leading 
to the chimney. 

Tightly closing dampers are placed in the descending smoke-flue 
at the rear, and in the descending air-flues at the front, and regu- 
lating dampers, like throttle valves, are also placed in these latter. 
There is also a damper below the exhausting blower, and in line 
with the descending smoke-flue, which serves, when open, as a " by- 
pass" to permit the gases to flow to the chimney by natural draft 
when the blower is not in motion. 

Small iron doors, C inches square, with isinglass panels, were set 
in the right-hand side wall, one opposite the bridge wall, the other 
opposite the pier at the rear end of the boiler, for the insertion and 
removal of the heat-carriers (platinum balls, in black-lead crucibles), 
of the platinum-water pyrometers. 

In addition to tlie necessary and proper arrangements heretofore 
described, there were certain contrivances, destitute alike of merit 
and novelty, introduced for reasons which it is not necessary to ex- 
plain. 
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One of these was a set of perforations in tlie side walls of the 
fern ace, for the admission of warm air drawn from the descending 
air (lues, above the incandescent fuel. Four tiles of fire clay, each 
18 inches long, 12 inches wide, and 4 inches thick, each one pierced 
with 187 holes {{-inch diameter in front and |*ineh in rear, were 
set, two on each side, end to end, about in the middle of the length 
of the furnace, and exactly opposite the descending warm-air flues, 
with their lower edges 12 inches above the fire grates. Sliding 
"gridiron " dampers, with handles extending out through the arch 
front, were set behind these perforated tiles and a few inches from 
them ; and great care was taken to make these dampers, when 
closed, as tight as possible, to reduce to a minimum ihe harm which 
the admission of air above the fuel could not fail to do. Careful 
and repented experiments and observations proved that these 
dampers could never be opened without checking the draft 
through the fnel, and lowering the temperature of the fire; and it 
is not impossible that a very little leakage through the closed 
dampers may have lowered in a slight degree the efficiency of the 
boilers. 

Another of these venerable contrivances, which is likely to be 
tried over and over again every few years till steam engines are no 
more, was a circuitous flue for heating air, or " superheating " it 
(whatever superheating may be supposed to mean when applied to 
a permanent gas), for admission to the combustion chamber through 
a channel and orifices in the bridge wall, technically known as a 
"split bridge." 

This superheating flue was built entirely within the combustion 
chamber, back of the bridge wall, extending along the face of the 
side and rear walls, and was constructed in the following man- 
ner: 

A wall of fire-brick, 3 inches thick, placed on their edges, three 
bricks high, was laid on the pavement back of the bridge wall, par- 
allel to the side wall and to the rear end wall, at a distance of 4 inches 
from these walls. A course of headers 9 inches long was then 
laid, covering the flue, and bonded 2 inches into Ihe walls, forming 
a flue 4 inches wide and 13.5 inches high, around the sides and 
rear of the combustion chamber. On top of this flue, another flue 
exactly simitar was placed, both having their angles at the rear 
truncated a little, to diminish the resistance. The uppermost of 
these two flues was connected, just behind the bridge wall, with the 
vertical air flue on that side, through which warm air descend 



18 



TRIALS OF A WARM-BLAST APPARATUS. 



from the abstractor to the ash-pit, admission of air to the enpej 
heating flue being regulated by a damper hinged at its lower edgl 
in such a maimer that when open it extended obliquely into tW 
vertical flue, so as to arrest a portion of the descending warm aii 
and to direct it into the superheating fine. At the opposite en< 
of the bridge wall there was an opening through the horizontil 
partition between the npper and lower superheating flues, bo that 
the air might descend to the lower flue and return to a point di- 
rectly beneath the place where it entered the upper flue. Here 
was an opening into the split bridge ; so that after twice making 
the circuit of the side and rear walls, the air, presumably consid- 
erably heated, might pass into the channel in the split bridge, 
and through Bmall openings in its rear, to mingle with the hot 
gases flowing over the crest of the bridge wall. Subsequently, an 
additional wall of fire-brick was laid behind the bridge wall, to 
turn the superheated air upward. 

No good was ever found to result from this system of flues ; in- 
deed, it is doubtful if any considerable quantity of air ever passed 
through the lines at all, although some must have flowed in when 
the dampers were opened, since the resistance of the open flue, 
circuitous as it was, could hardly have been so great as that of the 
coal on the fire grates. 

But since the only combustible substance present in the smoke, 
carbon monoxide (CO), never, in the day-time, exceeded half of 
one per cent., and rarely exceeded half that small quantity when 
the dampers were open, for six weeks together, it was impossible 
that combustion conld be sensibly promoted by the admission, at 
the rear of the bridgo wall, of a further supply of air, iiowever 
much "superheated." 

A certain very slight advantage resulted, indirectly, from the in- 
terposition of 3 inches more fire-brick, to check radiation where it 
was most active ; but this device and that of perforated tile pre- 
viously described are here given much in detail in order to show 
that their uselessness did not result from imperfect design, inade- 
quate extent, or defective construction ; but simply from the futil- 
ity of attempting to burn over again the products of combustion 
already substantially complete, by the admission of air, however 
heated, where air, at the temperature of the hot gases themselves, '* 
already in excess by 100 per cent., and most intimately intew 
mixed. 

It was assumed at the outset that cast-iron grates could not with. 
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stand the heat resulting from the introduction of warm blast, and 
a water grate was provided of a construction supposed to be safe 
and durable, although costly, consisting of a top and bottom plate, 
3 inches apart, united at their edges by a hoop, and having a suffi- 
cient number of short tubes set through them for the admission of 
air. Provision was made for circulation, by a diaphragm in the 
middle of its width, connecting it with the water space below the 
flues, and dividing the furnace longitudinally into two equal parts. 
After repeated trials, this grate leaked so badly that it was dis- 
carded, and the ordinary long grates of the Pacific Mills were 
tried. These were cast two bars together, 5 feet 2 inches long, 0.75 
inch thick on top, 0.50 inch at 0.62 below the top, and 0.31 
inch at the lower edge ; and 5.5 inches deep in the middle. The 
spaces between grate bars were 0.5 inch, so that the openings, 
without deduction for obstructions at the ends and at the two in- 
termediate side supports, were equal to 40 per cent, of the whole 
grate area ; and allowance made for all obstructions, the clear space 
was equal to 34 per cent. These grates, supported at their ends only, 
were not destroyed by three weeks' use with warm blast; but they 
gave evidence of injury in places, which made it plain that they 
might suddenly melt down at any time, and other grates, admitting 
of more support from below, were tried with entire success. These 
•were the Williams rocking grates, supported on bearers in sections 
only about 15 inches long, and provided with a means of clearing 
them by shaking from below, through the ash-pit door. In firing 
with stationary grates, it was found necessary to keep the Are doors 
— one at least — open one hour out of ten hours' firing, to clean the fire 
and draw the clinker. This invariably lowered the temperature all 
the way from furnace to smoke-box, diminished the draft through 
the coal on the grates, produced an increased quantity of carbon 
monoxide (CO), in the chimney gases, and reduced the efficiency 
of the boiler. With the rocking grates, the time of slicing and clean- 
ing the fire was reduced to ten minutes once a day, at 5.30 p. M. 
The short, sectional grate bars next to the bridge wall suffered 
pretty rapid deterioration, and in a less degree those at the front and 
sides. Some form of grate still better may be fonnd ; but it seems 
probable that the life of any grates, whatever their form, will bo 
less with warm blast than with air taken in at the external tempera- 
ture — unless, indeed, a water grate can be used. What the excess 
of cost for grates may be, to offset the gain by warm blast, can 
only be determined by experience of some duration. 
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After the conclusion of the experiments with Warm-Blast BoilJ 
No. 1 (weeks G & H of Record, ending February 4 and 1} 
1882), the original Pacific Boiler was converted into Warm-Bias 
Boiler No. 2, by the simple addition of the abstractors and tb 
air passages and smoke flues necessary to convey the gases throng! 
the abstractors to the exhaust blower, and the air in the opposit 
direction from without the boiler-house to the ash-pit. 

No alteration was made in the boiler; and none in the brick 
work, otherwise than to build the two vertical flues near the fron 
end, to conduct the warm blast down to the ash-pit, and into it b_ 
arches in the side walls below the tire grates. 

These vertical flues occupied, in part, a space of 8 inches origi 
nally left between the side walls, and, on the left the wall of tli 
boiler-house; on the right the side wall of Warm-Blast Boile 
No.l. 

The mode of construction first adopted in Warm-Blast Boile 
No. 1, has been fully described. 

The principles involved in that construction were : 

1. The division of the air passages into 2-10 annular channels o 
uniform eross-section between (a) hip-welded smoke flues 2 inche 
in diameter outside, and (li) spiral-locked sheet-iron tubes 3 inche 
in diameter outside, in order to give uniform velocity to the aii 
and equal exposure of the air to the warm surfaces. 

2. The great addition to the warm surface made by these extei 
nal tubes, which would be warmed byradiation from the 2inchflue 
to almost uniform temperature with them, since air is not sensibl; 
affected hy radiant heat. There would therefore he two metalli 
surfaces in contact with the thin annular stream of air, the inne 
one 6 inches, the outer 9 inches in circumference, amounting ti 
300 square feet for each foot in length, and for the whole 20 fee 
to 6,000 square feet. 

3. The skin friction of the 3-inch tube being greater than tha 
of the 2-iuch flue, not alone on account of its 50 per cent, greate; 
area, hut also on account of the slightly projecting spiral line o 
joint within, corresponding with the prominent spiral interlocks 
ridge on the outside, the air must aequire a rolling motion fron 
within outward best calculated to bring all partB of the inflowin( 
air into frequent contact with the warm surfaces, and to uniforfl 
temperature with those surfaces. 

Much apprehension was felt that the smoke might pass in largeS 
volume through the lower courses of 2-inch flues — those iiret eu 
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countered on leaving the smoke-box ; and that the air, on the othJ 
hand, eotering at the top, might flow* iu greatest volume througi 
the upper annular passages, and that so the effect might be dimin! 
ished. But extensive and patient probing with the water-plati uuur 
pyrometer — the platinum hall being held in the tongs to be de-1 
scribed — proved that this apprehension was unfounded — -that botlil 
air and smoke were at nearly uniform temperature at top and bot- 1 
torn of every cross section. 

Yet the quantity of heat transferred from the escaping gases to 1 
the inflowing air did not answer expectations based on theoretical ] 



// 


~ 


■ 




'ML 









CROSS-SECTION OP WARM-BLAST BOn.F.R NO. 1, AT PIER : : 
ABSTRACTORS OP NO. 2. 

considerations. The gases passed off at a temperature about 160° 
P. above that of the external air, carrying a large quantity of heat 
to waste. The obstruction sure to arise in time from accumula- 
tions of dust in the annular passages, was not lost Bight of. The 
cost, too, of the double pipes, was very considerable. It was there- 
fore decided, after due consideration, to adopt a new mode of con- 
struction. 

A piece of 2-inch spiral -locked tube, 4 feet long, with brass fer- 
rules soldered into its ends, having been put to severe tests and' 
found air-tight, pipes of that description were adopted for the- 



i, at a saving of nearly one-Half ; and the 3-inch tubes 
e omitted, and replaced by defiectois, arranged as shown in Figs, 
nd 5. The 2-iucli fines were made 18 feet long, of sheet steel, 
i American wire gauge (.018 inch thick), each tube formed of 
gle strip 35 feet 6 inches long and 3.5 inches wide. A ring 
r ferrule of copper, equal in thickness to the ridge formed by the 
icked joint (about .054 inch), with its ends cut to the obliquity of 
the spiral joint, so as to fit closely to it on both sidc-B, made an outer 
surface at each end smooth and cylindrical, for expansion into suit- 
able holes in the flue sheets ; and internal thimbles of lap-welded 
pipe gave the degree of firmness necessary to hold the expansion.* 
Partitions of sheet iron, having holes for the 2-inch spiral flues 
corresponding in position with the holes in ihe fine sheets, were 
put into the brick chambers of the abstractors at intervals of about 
a foot ; half of them closed at the top, and extending down to with- 
in 3 rows of fines of the bottom of the chamber, and the other half 
closed at the bottom, and extending up to within 3 rows of the 
top. Air entering at the top must descend across and among the 
2-inch flues, which have spaces of 1 inch between them, pass under 
the first partitions, or " deflectors," then rise in the same manner 
across and among the flues to pass over the second deflectors, and 
so on, until on flowing over the last deflectors, it passes down 
through the vertical brick flues to the ash-pit. 

The deflectors are plain rectangular pieces of sheet iron, No. 18 
w. g., set with their side and top (or bottom) edges about 1 inch in 
the brick-work. The boles are punched, and they cost but a trifle 
in comparison with the 3-inch spiral air tubes. They also support 
the flues at every foot of their length, and they allow dust to collect 
to any probable extent in the corners at the bottom of the brick 
chambers without causing inconvenience. The deflectors, so far 
as they go, supply an additional surface warmed by conduction and 
radiation to impart heat to the air by contact; and the impact 
of the air in flowing transversely across the flues, although acting 
in each direction only on about one-half the circumference of each 
flue, may yet be counted on to give something of that increased 
effect due to impact of air upon warm surfaces which was first 
pointed out by Leslie. 

For protection against loss by radiation, brick walls and brick 
covering were used as before ; but in order to guard against cracks, 
sod bj Mr. F. H. Prentiss, by means of 
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and to cnt off leakage, the whole exterior of tlie brick-work o 
abstractors was incased in thin galvanized sheet iron, locked ; 
soldered. 

The covering of the Pacific boiler, described previously, 
being strong enough to bear the weight of the abstractors, bfl 
old rails, equal in length to the width of the boiler setting of wai 
blast No. 1 (11 feet), were placed across at intervals of 2 feet, rcstii 
on the side walls, and projecting a few inches beyond them. Pieces 
of i-inch plate iron laid from bar to bar on their lower flanges 
supported the brick-work. After leveling up to the top of the 
bars, the sheet iron for the bottom of the casing was laid on, a 
hearth of three courses of brick was laid, the side walls were carried 
up, and, after the tubes and deflectors were all in proper place, the 
covering was put on, and the eating of sheet iron completed. A 
brick flue brought together the two streams of gases from the two 
abstractors, and conducted the united stream to the exhaust blower. 

The results obtained with this apparatus (week I, ending Maj 
20, 1882), were decidedly better than were obtained with the appa- 
ratus first tried. With higher temperature of external air, and . 
smaller quantity of air per pound of coal, the final temperature of 
escaping gases was reduced 20 degrees lower. Part of this gain 
may have been due to the manner in which the abstractors are 
supported, on bars, out of contact with the brick-work (which in 
the other case was very hot on account of the superheating arrange- 
ment), so that less heat was imparted by conduction to the abstract- 
ors, to be in part carried off by the smoke. But a part — probably 
the greater part' — was due to the greater efficiency of surface im- 
pinged upon by air in motion, over similar surfaces along which 
air flows smoothly, without impact. Something may be due to 
the reduced thickness of the metal, but Peelet'a formulas do not 
lead us to expect a sensible effect from this cause. 

The question of durability remains to be settled, but there is 
now reason, after nearly three years' use, to look for a favorable 
result. Both the air and the smoke are at a temperature so far 
above their dew-point — unless, indeed, the boiler leaks badly — that 
no moisture can be deposited on the flues, either within or with- 
out; and there is little danger to be apprehended from sulphur, 
which in the form of sulphurous acid (SO a ), is not actively corrosive, 
and of SO a (which condensed with water becomes II s SOi, or 
sulphuric acid), there is never much and seldom any. The an 
thracites contain but very little sulphur, and the Cumberland 



bituminous coals only about 0.8 per pent. Picton coal, it is true, 
sometimes contains sulphur, in the form of iron pyrites, in visibly 
largo quantities. 

The cost of the single tubes with deflectors is much less than 
that of the other form, with double tubes : — First, because the spi- 
ral steel tubes cost but little more than half as much as the lap- 
welded tubes of the same size; second, because they were reduced 
from 2>fect in length to 18 feet, yet seemed to be even more effi- 
cient ; and third, because the deflectors cost much less than the 
3-ineh tubeB which they replaced. As to the eheet-iron casing 
outside of the brick chamber, that was no less desirable with the 
first form than with the second. 

It is probable that the quantity of air per pound of coal consumed 
was reduced by this air-tight casing, since much air infiltrates 
through brick-work. The extent of this infiltration is surprising. 
So great is it that the flame of a match is drawn to and into the 
interstices of an 8-inch brick wall — not alone at fine visible cracks, 
but at mortar joints apparently sound. 

To cut off this harmful infiltration of air, the outside of the 
smoke-flues in the rear was coated with desiccated tar and shingled 
over with tarred cotton cloth. It might be worth while to leave 
off the outer 8 inches of brick-work of the boiler setting, all around, 
Until the inner portion was complete, and then to cover the whole 
surface, sides, ends and top (and preferably the bottom also, to 
keep down moisture), with galvanized sheet iron, locked and sol- 
dered. At the arch front, where very pernicious leakage of air is 
too common, a tight joint could be made by means of a strip of 
sheet iron riveted to the back side of the arch front all around, to 
which the casing could he locked and soldered. If, now, the cas- 
ing wore covered witli an inch of hair felt, and around and over all 
8 inches of brick-work were laid, secured with binders, as usual, or 
more completely, an appreciable saving of heat would result, per- 
haps exceeding one per cent. An airspace is sometimes left in 
the brick-work, for the purpose of reducing radiation. Breaking 
the continuity of the brick-work certainly impedes the outflow 
of heat, by interrupting conduction, and interposing the slower 
processes of radiation and absorption; but an air space as an 
interceptor of radiant heat is futile. Hardly any substance in 
nature is less useful for this purpose than air, which when dry 
is absolutely diathermanoue. It answers well to build the walls 
of three successive, independent S-inch walls, close together, but 
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not bonded, and free from mortar at their surfaces of contatt 
Conduction is thereby sensibly interrupted, some freedom is left 
for unequal expansion, the binders tie all firmly together, and cracki 
will be less numerous, less continuous, and less disastrous. But 
all cracks, large and small, should be sedulously stopped up. "Very 
large cracks will often be found between the arch front and the 
brick -work. These should be stopped with putty. Smoke-box 
covers and doors, tire doors and ash-pit doors should be carefully 
fitted, and smoke-box doors and covers, which usually require to be 
opened but once a week, should be packed or puttied. Fire doors 
should be made with a groove all around them, to receive a pack- 
ing of asbestos, and should have some provision for pressing them 
firmly against their seats on the arch front. However well fitted 
first, or when cold, the heat warps them so that they often admit 
sufficient air to impair the draft where alone draft is usefnl- 
through the fuel on the fire grates. For the same reason, the fire 
door should be left open as little as possible. If the grates are 
stationary, it will be necessary, with combustion as rapid 
12 pouuds of coal per square foot of fire-grate area per hour 
(counting all the time the draft iB open), to clean the fire am 
draw out clinker as much as six times in ten iiours, occupying ten 
minutes each time, equal to one hour in ten — a serious loss, whii " 
may be reduced five-sixths by the use of rocking grates, operat 
through the ash-pit door. But let no grate-vender quote mo 
authority for the stereotyped saving of " 30 percent, of 'the coal.' 
I believe that an appreciable saving may be made by the use 
good rocking grates, perhaps two per cent. In the aggregate, the 
small savings become important; but aside from tlic one conspic- 
uous saving by returning to the furnace, in a warm blast, a part ol 
the heat of the gases of combustion after they leave the smoke-box, 
in some such manner as that herein described, or by its substantial 
equivalent the Green Economizer, no gain of so much as five p 
cent, over reasonably good ordinary practice can he so much 
fairly hoped for. 
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Taking up now a second division of the subject, a description 
will be given of the instruments and apparatus for physical obser- 
vation. 

1. The Pyeohetek. — The inner cell, or true containing vessel 
of this instrument, is 4.25 iuclies in diameter, and of equal height 
on the side, with a bottom in the form of the segment of a spher- 
ical surface of 4.25 inches radius, all of sheet brass 0.01 inch thick, 
nickel plated and polished outside and inside (Fig. 6). The out 
side case is 8 inches in diameter and 8.5 inches deep, of 16 oz. 
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copper, nickel plated and polished on the inside but plain outside. 
There are two handles — on opposite sides — for convenience of 
rapid manipulation. The top, which is depressed conically like a 
hopper, is of the same copper as the sides and bottom, and is ter- 
minated at its outer edge with a strong wire, forming a lip all 
around for convenience of pouring. The central cell is connected 
with the outer case, only by three rings of hard rubber, each 0.25 
inch thick; the middle ring completely insulating the cell from its 
continuation upward to the hopper-shaped top, by interposing its 
thickness between the flanges of these two parts. The joints 
formed by contact of these flanges with the hard rubber ring, which 
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would be likely to leak water into the spaces filled with eider do 
were made tight by a coating of asphalturn varnish. 

The lower hard rubber ring is, in fact, made up of three com 
trie rings, each one supporting the flange of a partition. Tl 
partitions are complete cups— sides and bottom — of sheet brass I 
inch thick, and, together with an additional spherical segmen. 
the bottom, next to the outer case, are nickel plated and polished < 
side and inside. They divide the space between cell and ease i 
three compartments, each about 0.625 inch in thickness, all fille 
are all spaces everywhere, with eider down. All the four plate 
the cover are of sheet brass, 0.01 inch thick, nickel plated 
polished on both sides ; and all are insulated from each other 
from the vessel by a hard rubber ring, which forms the outer 
of the cover, and by a tube of bard rubber with a knob and shonl 
above and a screw-thread at its lower end, by which the upper ; 
lower plates are firmly held together, while the knob serves 
lifting the cover. 

Through this tube passes the hollow stem of the agitator, 
upper part of it formed of hard rubber, terminated at top by a km 
with a taper hole for a cork, through which a thermometer pat 
down nearly to the bottom of the stem, the lower part of whic! 
of brass tube. The agitator conforms to the spherical shape of 
bottom of the cell, but does not touch it by about 0.25 inch ; i 
has a rim turned up 0.25 inch all around. This agitator and 
brass portion of its stem are freely perforated with holes 0.2 to 
inch diameter, and nickel plated and polished. The spber 
form of the agitator gives a radial direction to the streams of we 
passing through its holes when it is raised and lowered, so t 
very little motion up and down— not enough to lift the hard rub 
stem out of its hard rubber incasing tube — suffices to mix the w 
perfectly. 

A slight modification, to the form of a propeller, would en 
it to give equally good mixing by rotatory motion, as etroi 
recommended by Berthelot, and avoid alternate withdrawal 
re-immersion of any part of the stem. 

Very careful and quite satisfactory determinations were made 
the calorific value of the metals directly affected by the tenipe 
ture of the contained water ; and just sufficient water was weigl 
in, to amount, with the cal or i metric value of the instrument, 
two pounds of cold water. 

This determination was in its general nature similar to the 
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termination of the heat capacity of the calorimeter for testing the 
quality of steam, fully described elsewhere ; but as this instrument 
was designed to hold only about a quart of water, the method 
followed was much simpler, and susceptible of greater accuracy. 

A tin dipper of about two quarts capacity was used to hold the 
hot water, which was poured directly into the pyrometer as quickly 
as possible, whereupon the cover was shut down and the agitator 
was put in motion. The examples given in the case of the steam- 
calorimeter will serve as a type of the experiments with the pyrom- 
eter; but in this latter case a special correction was demanded. 
The cooling of the hot water was augmented by pouring, in con- 
sequence of the exposure to the air of a large surface of water in a 
thin sheet. The effect of this exposure was ascertained in the 
following manner: The instrument was placed in a bath of tepid 
water, so as to bring the temperature of all the materials compos- 
ing it exactly to the temperature of the water to be poured in. 
Thus, whatever diminution of temperature the latter might suffer, 
must be entirely due to the loss of heat by pouring. Four experi- 
ments, carefully made, gave the following results: Loss of tem- 
perature by pouring, at 170° F., 0.81°, 0.86°, 1.00°, and 1.07" ; mean, 
0.935° F. 

The following six values of the calorific capacity of the metals of 
the pyrometer, which share directly the temperatures of the in- 
closed water, including also the thermometer used with the instru- 
ment, were found by experiment: 0.1048, 0.1052, 0.1077, 0.1008, 
0.1028, 0.1104. 

Mean, 0.1053, = lbs. 1 oz. 11 drma. 



3.0000, = 200 

This mean was the value used. The instrument being put on 
delicate coin scales and counterbalanced, weights equal to 1.8947 
pounds avoirdupois, = 1 lb. 14 oz. 5 drms., were added to the coun- 
terbalancing weights, and cold water waB poured iu until the scales 
again balanced. 

The vessel and its contents were then just equal in heat capacity, 
while the temperature of the water was not above 38° F., to 2 
pounds of cold water. 

The heat-carriers were platinum balls, of three sizes : 






1 of 4,200 grains = 0.6 lb. avoirdupois. 
1 of 2,800 grains = 0.4 lb. 
1 of 1,400 grains = 0.2 1b. 
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Two vessels exactly similar were provided, and when dupliw 
observations were made for mutual verification, the two Binal 
balls were placed in one crucible, and the larger one, equal i 
weight to the two smaller ones, in the other. As the two instm 
ments were sensibly alike, simultaneous observations with similar 
exposure should give, as they usually did give, temperatures 
equal within the limit of error to be expected — less than 10' F.— 
and occasionally identical temperatures. 

Sometimes one of the smaller balls was used alone, to avoid rais- 
ing the water to a final temperature above the range of a delicate 
thermometer embracing only a lew degrees, of half to five-eighths 
inch to 1 degree, graduated to 0.1 degree. 

The scale of the pyrometer, for the first approximation, was for 
the larger ball (and for the two smaller balls together), 100° to 1 D ; 
for the middle sized ball, 150° to 1° ; and for the smaller, 300° to 
l n . In order to ascertain what correction, if any, should be made 
for cooling during the process of withdrawing the platinum balls 
from the fire and immersing them in the water of the pyrometer, 
several experiments were made upon the effect of cooling from 15 
to 35 minutes. The fire-brick, charged with its two crucibles with- 
out the covering brick, but with the covers of the crucibles in 
place (Figs. 7 and 8, p. 37), was withdrawn from the fire in the 
usual manner, and the ball from one of the crucibles was put as 
quickly as possible into one of the pyrometers, and the notes were 
taken. The other crucible was then permitted to stand in the tire- 
brick, with its cover on, but exposed to the air of the room, usually 
15 minutes, sometimes 25 minutes, and in one case 35 minutes, 
when the balls from the crucible in question were put into the 
other pyrometer, and the notes were taken as before. 

When the two crucibles were emptied of their balls into the two 
pyrometers as quickly as possible, there were often discrepancies 
of 10°, 25°, or 50°, although accordance within 10" or less was fre- 
quent. These discrepancies resulted partly from errors of obser- 
vation, and partly, no doubt, from real difference of temperature; 
and the apparent differences resulting from difference in the time 
of exposure to the air were therefore mixed up with errors of ob- 
servation, and with possible differences of original temperature. 
The mean cooling effect was 0.7° F. per minute, equal to 70° F. in 
the resulting temperature; and the range was from 1.2° to 0.2°, 
say 120° to 20° in the result. At all events it was small, and 
although most activo at first, while the heat was greatest, the lose. 
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was too small to require notice when the halls were immersed in 
the water of the pyrometer in 3 to 5 seconds from the time of 
opening the door to withdraw the fire-brick with its crucibles ; as 
was usually the case when there was no accidental detention. 

THE USE OF THE PYROMETER. 

In using this instrument we have, in order to obtain the first 
approximation, to make two assumptions : 1st, That the specific 
heat of the water at the temperatures employed, will he constant, 
and equal to 1.00000 ; 2d, That the specific heat of the platinum 
balls employed will bo constant, and equal to 0.03333, that is, to 
^V that of the water. 

Since the largest platinum ball weighs three-tenths (0.3), as 
much as the water (including in all cases the heat value of the in- 
strument), it follows from the above assumptions that the heat capac- 
ity of the platinum hall will he one one-hundredth (0.01), of that of 
the water, including the inclosing vessel. Every degree, then, added 
to the temperature of the water indicates roughly 100° lost by the 
platinum hall. The error resulting from the inaccuracy of the first 
assumption is small, and may sometimes be neglected ; but with 
high temperature, where the range of temperature in the water is 
considerable, and especially when the initial temperature of the 
water is as high as 40° F., it is better to eliminate the error by the 
use of the following table of temperatures and corresponding British 
thermal units. For instance, if the initial temperature be 61°, and 
the final, 83°, the number of British thermal units added to the 
water will be : 

83.041- 61.010= 29.081; 

and the loss of heat by the platinum ball, on the second assumption 
will be: 

22.031° x 100° = 2203.1° F. 
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TABLE NO. II. 



Deg. 


B. t. a. 


ft*. 


B.t. a. 


»., 


B. 1. n. 


Dcg. 


B. I. o. 


33 


82.000 


57 


57.007 


82 


82.039 


107 


107.101 


SS 


33. (NO 


58 


5S.007 


63 


83.041 


108 


1CS.1W 


34 


34.000 


59 


59.008 


84 


84.043 


109 


109.107 


SS 


35.000 


60 


60.009 


83 


85.045 


110 


110.110 


30 


36.000 


61 


61.010 


86 


86.047 


111 


111.118 


37 


37.000 


68 


62.011 


87 


87.049 


112 


112.117 


88 


38.000 


63 


63.012 


88 


88.051 


118 


113.1M 


39 


89.001 


64 


64.013 


89 


89.053 


114 


114.125 


40 


40 001 


65 


85.014 


90 


90.055 


115 


115.129 


41 


41.001 


66 


00.015 


91 


91.057 


116 


110.133 


42 


42.001 


67 


07.016 


92 


92.059 


117 


117 137 


48 


43.001 


68 


88.018 


98 


93.061 


118 


118.141 


44 


44.002 


09 


Gfl.019 


94 


94.003 


110 


110.145 


45 


4*. 002 


70 


70.020 


95 


95.005 


120 


120.149 


46 


40.002 


71 


71.021 


96 


90.008 


121 


121.153 


47 


47.002 


72 


72.023 


97 


97.071 


123 


122.157 


48 


48.003 


78 


78.024 


98 


98.074 


123 


123.161 


49 


49.008 


74 


74.026 


99 


99.077 


124 


124.165 


SO 


50.003 


75 


75.027 


100 


100.080 


125 


125.169 


51 


51.004 


76 


70.029 


101 


101.083 


120 


156. 173 


53 


52.004 


77 


77.080 


102 


102.086 


127 


127.177 


50 


58.005 


78 


78.033 


103 


103.089 


128 


128.183 


54 


54.005 


79 


79.034 


104 


104.092 


129 


120.187 


55 


65.000 


80 


80.030 


105 


105.095 


180 


130.192 


60 


50. 008 


81 


81.037 


100 


100.098 


131 


131 197 



The error arising from the inaccuracy of the second assumption 
is much more important, but is easily eliminated — at least approxi- 
mately — by the use of Table III., which is carried out for every 
100° F., with certain intermediate points, for reference : — 32° and 
212", for verification of the pyrometer by these standard tempera- 
tures — melting ice and boiling water. 

At 44(5.2° F. the assumption of 0.03333 for the specific heat of 
platinum is correct. At lower temperatures the correction ie minus: 
at all higher temperatures it is plus. The use of the table is obvious. 
Having found the approximate observed loss of temperature, cor- 
rected for variations in the specific heat of water, look for the near- 
est corresponding loss in column 6, " observed loss of temperature" 
etc., and if not found exactly, find the intermediate point by the 
aid of the proper difference in column 7. Opposite, in column 1, 
will be found the true loss of temperature by the beat-carrier, coi 
responding to the observed loss. For instance, having found 
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observed loss of temperature, corrected for variation of specific heat 
of water, = 2203.1°, we find in column (!. 2152.1 wliicli subtracted 
from 2203.1, leaves 51.0; and the tabular difference for 100° being 
131.7 = 1-317 for 1°, 51 divided by 1.317, gives 38.7. Turning 
now to column 1, we find opposite 2152.1, 19i:0 ; and adding 35.1 
we have 193S.1 as the (approximately) true loss of heat by the car- 
rier in cooling from initial temperature to 83° F., and 1938 + 83 
= 2021° F. as the initial temperature of the heat-carrier on its 
immersion in the water of the pyrometer. 

The manner of manipulating the platinum balls as heat carriers, 
is plainly indicated in Fig. 7. In most cases the covering brick 
may be omitted ; but it should be used whenever, on account of ob- 
stacles in the way of rapid manipulation, more tlian four or five 
seconds are required to remove the crucibles from the fire and to 
immerse the balls in the water. 

For observations in the heart of the fire, tho crucibles may be 
used without the brick. Tfo bits of coal must be permitted to 
enter the crucibles; and this accident may be guarded against in 
some measure by binding on the covers with copper wire wound 
many times around. The wire will be speedily melted, but will 
endure long enough fairly to insert the crucibles and cover them 
with the glowing coal ; and, with care, they may be taken out with- 
out disturbing their covers. Thermometers should be delicate, not 
Jess than 0.8 inch to 1°, and graduated to tenths of a degree. 

They may then be read to hundredths, and temperatures may be 
determined within a very few degrees. 

It will be apparent, on reflection, that these tables can give only 
approximate results, and could be exact only upon the impractica- 
ble condition that the final temperature of the water and heat car- 
rier, after the immersion and cooling of the latter, should be, in 
every case, 32° F. 

But since the initial temperature must always be above this 
point, and the final temperature several degrees higher still, while 
the tables are based on the mean specific heat of platinum, or, with 
the compound balls — platinum and iron — between 32" and the re- 
spective higher temperatures included in the table, an error will 
result from the use of the tables, varying in magnitude with the 
number of degrees between 32" and the final temperature. To be 
exact, the tables should be expanded so as to embrace specific heats 
between 32° and, say, 100° F-, varying by single degrees, or by 
small intervals— 3° or 5°— at the lower limit ; and 100°, 200°, 300°, 
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etc., as in these tables, for the upper limit. Such tables would li 
cumbrous and inconvenient, and by no means worth while. 
approximation given by the tables is pretty close, and may usu.i 
be made satisfactory. In most cases a rather closer approximate 
may lie made by adding the nnuiber of degrees of final tempi 
ture of the water to the observed loss of heat by the heat- 
before correction by the table, as already described. Thus, 
+ 83.0 = 8386.1, corresponding, in Table III., to 2001.7'. 

A still closer approximation may be made hy subtracting 3 
from the number of degrees of final temperature, and reducing tl 
difference to pyrometer degree*, by multiplying it by the tabular 
difference, 0° to 100°, column 7, Table NL, "which is 96.9 for 100°, 
= .909 per degree. The pyrometer degrees so found are to be added 
to the observed loss of heat by the heat-carrier, and the correspond- 
ing true loss is to be taken out of the table; and 32 added to tin's 
will give a close approximation to the true temperature of the hot 
hall. 

Thus, 83 - 32 = 51, and 51 x .969 = 49.4, and 2203.1 + 49.4 
= 2252.5. 

The next smaller tabular number in column 6 is 2152.1, and 
2252.5 - 2152.1 = 100.4, and 100.4 + 1.317 (131.7 + 100 = 
1.317) = 76.23. The number in column 1, opposite 21521 is 
1000, and 1900 -I- 76.23 + 32 = 2008.2° = the true temperature 
sought — to a close approximation. The respective values found by 
the three methods are 2021°, 2002°, and 2008°, showing an extreme 
range of variation at this high temperature, of less than 1 per cent. 

Either method will usually be accurate enough. The firet and 
second are equally easy of application, the third but little more 
laborious. Should more exact results be desired, the formula for 
specific heat may be used.* 

* for a dis;-u-sion »f the specific heat of platinum and iron. at vurinus tem- 
pfirni lire-', or, more properly, the wean specific heat of these metuls from 32° F. 
to higher temperatures, see" Journal of the Franklin Institute," Vol. LXX5IV., 
third series, July-Decemt»-r. 1889. pp. 91. 189, and SS3. Also, " Transactions of 
the American Society of Mechanical Engineers," Vol II., p. 43 ; and Vol. III., 
p. 174. 
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TABLE ILL 



Temperatures 


Mean sp. ht. of 


"Diffpr- 




TMffpr- 


Observed loss 




in deg. Fabr. 


Platinum from 


ences of 
sp. ht. 


Ratio of com- 


ences of 

Pfl f 1 r\a 


of temperature 


Differences 


corresponding 


82° computed 


puted to assumed 


bv heat-carrier 
in cooling: nt 


of observed 


with specific 


for each 100 


sp. ht.: viz. 1-30 


XVUtlUD 

frsv Aftoh 


lo88_per 100° 
Fahr. 


eats in column 
2. 


deg. Fahren- 
heit. 


100° F. 


water = 0.033333. 


100° F. 


assumed ratio 
H 9 O30toPtl. 


1 


2 


3 


4 


5 


6 


7 





.031983 




.95950 




0.0 




82 


.032080 


803 


.96240 


907 


30.8 


96.9 


100 


.032286 


302 


.96857 


907 


96.9 


98.6 


200 


.032588 




.97764 




195.5 




212 


.032624 


303 


.97873 


908 


207.5 


100.5 


800 


.032891 


303 


.98672 


908 


296.0 


102.3 


400 


.033193 




.99580 




898.3 




446.195 


.033333 


803 


1.00000 


909 


446.2 


104.1 


500 


.033496 


804 


1.00489 


910 


502.4 


106.0 


600 


.033800 


803 


1.01399 


910 


608.4 


107.8 


700 


.034103 


303 


1. 02304 


910 


716.2 


109.6 


800 


.034406 


804 


1.03219 


911 


825.8 


111.4 


900 


.034710 


804 


1.04130 


912 


987.2 


113.2 


1000 


.035014 


304 


1.05042 


912 


1050.4 


115.1 


110) 


.035318 


304 


1.05954 


913 


1165.5 


116 9 


1200 


.035622 


305 


1.06867 


913 


1282.4 


118.7 


1800 


.035927 


304 


1.07780 


914 


1401.1 


120.6 


1400 


.036231 


305 


1.08694 


914 


1521.7 


122.4 


1500 


.086536 


805 


1.09608 


915 


1644.1 


124.3 


1600 


.086841 


305 


1.10523 


915 


1768.4 


126.1 


1700 


.087146 


305 


1.11438 


916 


1894.5 


127.9 


1800 


.037451 


806 


1.12354 


917 


2022.4 


129.7 


1900 


.037757 


806 


1.13271 


917 


2152.1 


131.7 


2000 


.038068 


805 


1.14188 


917 


2283.8 


133.4 


2100 


.088368 




1.15105 




2417.2 
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TABLE III.— Continued, 


Temjifrmlnnw 
in (leg. l-'ulit 


Mfin Bp. M. o 


Differ- 




Differ- 


Observed loss 
of truipcniturv DiSomem I 




'f.'ri'i.'l! HJH 


l<*r\f. 


l>uti»l in assumed 
sp, hi.: viz. Ut 


' iiiiiW 


Ijt lih.'nl-inirrii : 
inr—liTiL-: m .loB- pet 1# 


Ih.-ul- la column 




««I«r = O.0S3333 


MP* 


■mned rutin 

a 5 o3oiopti. 


Mir. 


' 


2 


3 


4 


5 


6 








806 




918 




135.3 


3200 


.038674 




1.16033 




2552.5 










307 




919 




137.2 


3300 




03S9S1 


306 


1.16942 


919 


2689.7 


139 


ttM 




030387 


807 


1.17861 


920 


2828.7 


140.8 


2500 




039594 


806 


1.18781 


930 


2969.5 


143.: 


2000 




039900 


807 


1.19701 


921 


3112.2 


144.1 


2700 




040207 


307 


1.20623 


921 


8356.8 


149.4 


2800 




040614 


3C8 


1.21543 


923 


8408.2 


148.3 ■ 


2900 




040822 


307 


1.32465 


923 


3551.5 


150.1 


3000 




041139 


808 


1.23888 


9£3 


3701.6 


152.0 


8100 




041487 


308 


1.34311 


923 


3853.6 


153.9 


8200 




041745 


308 


1.25234 


924 


4007.5 


155.7 


3300 




042053 


808 


1.26158 


925 


4168.3 


157.1 ! 


8400 




042361 


808 


1.27088 


925 


4320.8 


159.5 


3500 




042669 


809 


1.28008 


926 


4480.3 


101.3 


8600 




042978 


809 


1.38934 


936 


4041.6 


163.2 


8700 




043287 


309 


1.29860 


887 


4804.8 


165.1 


3S00 




048596 


809 


1.30787 


927 


4969.9 


166. B 


3900 




043805 


809 


1.81714. 


938 


5136.8 


168.8 


4000 


.044214 




1.32642 




5305.3 




Table IV., which follows, constructed in the same manner as 


Table III., but for iron instead of platinum, as a heat-carrier, re- 


quires no special explanation, as the use of the two tables is alto- 


gether similar. Iron can be used at all only at moderate tempera- 


tures, and the results obtained by its use must be crnde, on account 


of its rapid change of weight by oxidation. Table V. contains 
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e columns of corrections : first, for platinum, corresponding to 
iluinn 6 of Table III. ; second, for iron, corresponding to column 
of Table IV. ; and third, for a compound ball, composed of 700 
InB of fine wrought iron encased in 700 grains of platinum, 
formed into a solid capsnle, about 0.048 inch thick; the whole 
weighing 1,400 grains, with a heat capacity (at the assumptions for 
specific heat, for Pt, 0.03333, fur Fe, 0.166666), equal to that of 
4,200 grains = 0.6 lb. of platinum. The assumed specific heat of 
Fe being live times that of Pt (0.033 x 5 = 0.166), the 700 grainB 




PLATINUM BALLS, Cliff U:U:< A 



D AND COVEB, AB 




LOWER FTHE- WHITE. 

of Fe are equal to 3,500 grains of Pt, and 700 grains added for 
the Pt cover, the total is 4,200. 

I had two of these compound balls, and often used them at 
moderate temperatures, 1,000° to 1,200° F., in direct comparison 
with solid platinum balls, without detecting any important discrep- 
ancies in the results. The advantage of the platinum cover is that 
the iron is protected from oxidation. The advantage of the iron is 
that there is great saving of cost. 
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TABLE IV. 






FOB tHOH HKAT-CAKBIEU: ASSUMED SI\ HT. 


= 0.106. 












ObMTTtd 




BSLttm 


Mud tp. bt 

■ 1 IriMi, (r..u 




Ratio of 

l'-iUl|>1lll'tl II 

..■ -in 1 -p 


DlD«m« of 
uikta 1U0° 


Hi 


DifierentM of 
ubJ-erved lot. 


.ffitrtlo 






111,, via.: 




rier at 








A water = 










catch liXI' f. 








Mil ■. II. .1 








lat did. 

3 


.fur. 
t 


o.isuaui 


IsLdlff 


■3, 


toFe, 


,*«r. 


U 
so. 





.10537 




— 


.03524 






0.0 




— 




.10087 


838 




.64123 


1966 




20.5 


65.5 




100 


.10916 


870 


47 


.0541)0 


2358 


287 


66.0 


70.0 


4.S 


200 


.11290 




48 


.07743 




280 


130.0 




.].:! 


212 


.11339 


438 




.08032 


2538 




144.2 


75.3 




300 


.11718 


471 


48 


.70281 


2833 


280 


210.8 


El. 6 


0:1 


400 


.12181 


518 


47 


.73104 


3110 


287 


2D2.4 


88.7 


1.1 


500 


.12702 


660 


48 


.76214 


8394 


284 


381.1 


96.5 


;s 


600 


.18268 


613 


47 


.79608 


8081 


287 


477.6 


105.4 


8.9 


700 


.13881 


661 


48 


.83289 


3966 


285 


583.0 


115.0 


S.I 


800 


.14543 


709 


48 


.87355 


4301 


285 


098.0 


125.6 


ih.i: 


900 


.15251 


756 


47 


.91506 


4588 


287 


823.6 


136.8 


11 J 


1000 


.16007 




48 


.96044 




284 


860.4 




12.1 


1083.5 


.16667 


804 




1.00002 


4822 




IHX3.5 


149.1 




1100 


.16811 


801 


47 


1.06688 


5109 


287 


1109.5 


103.2 


13.1 


1200 


.17063 


889 


48 


1.05875 


5394 


380 


1271.7 


176.1 


13. a 


1300 


.18501 


047 


48 


1.11808 


5678 


286 


1447.8 


180.8 


14.9 


1400 


.19608 


994 


47 


1.17048 


5966 


287 


1038.7 


206.0 


15.6 


1500 


.20502 


1042 


48 


1.28014 


6300 


384 


1845.2 


233.0 


10.5 


1600 


.21544 


1089 


47 


1.29364 


6037 


287 


2068.2 


240.4 


17.4 


1700 


40638 


1187 


48 


1.85801 


6832 


280 


2808.6 


358.6 


18.!! 


1800 


.23770 


1185 


48 


1.43028 


7107 


285 


2507.2 


277.7 


19.1 


1900 


.21955 


1282 


47 


1.49730 


7894 


286 


3844.9 


297.6 


19.9 


3000 


.20187 






1.07124 






3143.5 
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TABLE V. 






FOR HEAT 


CARRIKIiH OP 


i.,.,T„or 


mar, btc. (Pt, Fe). 
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-« 


Sd 
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Sd 















a 


- 





9 


JO 


32 


30.8 


9S.9 




£0.5 


65.5 




22.3 


™.7 




100 


00. 


OS. 6 


1.7 


65.5 


70.0 


4.5 


70.7 


74.8 


4.1 


300 


195.5 
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The apparatus for heating platinum heat-carriers for the pyrom- 
eter consists of two black-lead crucibles, 2 inches inside diameter :: 
the top, and 3 inches deep, with suitable covers, as bIiowii in Figs. 
7 and S, which are set into cavities in molded fire-brick, to avoid 
danger of accidental overturns. Platinum balls, each weighing 
0.6 lb. avoirdupois (4,200 grains — 272.16 grammes), or one such 
ball, and two of 4,200 grains aggregate weight, are placed in the 
two crucibles — 4,200 grains in each— covered up, and submitted to 
the heat in the desired exposure, long enough to insure uniform 
heating throughout. If the temperature fluctuates, as in most ex- 
posures will be likely to happen, the fire-brick and crucibles will in 
some degree integrate the fluctuations during the period of ex- 
posure. 

For moderate temperatures, not exceeding a low red heat, and in 
situations not admitting of the use of crucibles, a pair of tongs was 
used, four or five feet in length, of steel, quite slender, with the 
extremities of their jaws concave, of suitable form and size to re- 
ceive and cover the platinum ball. A link slipped over the handles 
held the ball securely, and permitted it to be put into places other- 
wise inaccessible, kept there until heated, and then withdrawn 
quickly and released to the water of the pyrometer. The tempera- 
ture of flue gases, and of the warm blast, determined in that way, 
agreed substantially with the readings of mercurial thermometers, 
in cases where these could be satisfactorily used. The temperature 
of the brick deep in the wall — near the inside, where the heat was 
too great for glass thermometers — was obtained in this manner. 
Many tern per.it u res ascertained by the use of this instrument, in 
the fire, at the bridge wall, at the pier, and in the arch over warm- 
blast boiler No. 1, will be found under the proper head. 

2. The Calorimeter. — This instrument, shown in section in 
Fig. 9, was the result of much study, and answered fairly the 
expectations formed of it. 

The lining, which is the true containing vessel, is of 24 oz. 
tinned copper, 17 inches in diameter and 32 inches deep, with * 
rim at the top 2.25 inches wide, of the same copper ; and weigh! 
complete, 27 lbs. avoirdupois. This was surrounded, sides s 
bottom by a case of galvanized iron (Fe and Zn), 18.5 inches i 
diameter, 32.75 inches deep, No. 26 Birmingham wire j 
weighing 15.5 pounds. A Becond case surrounds this 20 inches i 
diameter and 33.5 inches deep, of galvanized iron No. 26 w. | 
weighing 16.1 pounds. An outside case surrounds all, 21.5 incl 
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in diameter and 34.25 inches deep, of galvanized iron No. 18 w. g., 
weighing, with its handles, 48 pounds. There are, therefore, three 
chambers, each 0.75 inch thick, all around, sides and bottom, the 
outer one of which is tilled with hair felt, the two others with eider 
down. There is a cover, also in three compartments, tilled in the 
same manner. The lower compartment of the cover is a little less 
than 17 inches in diameter, and freely enters the 17-inch inner 
chamber; the other two are 21.5 inches in diameter, and extend 
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out flush with the outside of the ease. The lower plate of the 
cover, and the cylindrical hand around the lower third, are of 24- 
ounce tinned copper, and weigh 3 pounds. This copper lining of the 
calorimeter and of its cover, is supposed to follow closely all the 
changes of temperature of the inclosed water, and to be to a con- 
siderable degree insulated from the exterior parts, and from the 
outer air. 

A steam surface condenser, 15 inches in diameter and 12 inches 
high, is set lDside, ou short legs with broad, flat feet, near the 
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bottom of the 17-inch chamber; bo that there is a space of 1 inch 
beneath it and all around it. 

The cylindrical case of this condenser is of sheet copper, 0.18 
inch thick, and the heads are of cast brazing copper of the same 
thickness, all united by brazing. There is a 2-inch brass tube in 
the middle ; and 144 brass tubes, .7.") inch outside diameter, are sel 
by expanding, and scaled air-tight with soft solder, whieh is always, 
when the instrument is in use, immersed in cool water. This 
drum, or condenser, will safely bear an internal pressure of 200 
pounds per square inch. Steam is admitted into it by a 0.75-incl: 
brass pipe near its upper end ; and water resulting from condensa- 
tion of steam is drawn off by a similar pipe placed so low as to com- 
pletely drain the lower head. Both of these pipes are made tight 
where they pass through the walls of the calorimeter, and each is 
provided with a screw-valve atop-eock. A 0.75-ineh pipe, with a 
Bibb cock, is inserted in the barrel of the calorimeter, to draw the 
water out of it. 

The agitator, for insuring uniformity of temperature throughout 
the contents of the calorimeter, is constructed as follows : A brass 
pipe 1 inch in diameter, about 34 inches long, freely perforated 
with holes 0.375 inch in diameter, having at the lower end a 
pivot to rest in a suitable step at the bottom of the barrel, passes 
down through the 2. inch tube of the condenser, and rises, when rest- 
ing in its step, to about the level of the top of the cover when in 
place. A light three-legged spider, supported by light brass ears 
riveted to the lining of the barrel near the top, and having in the 
middle a short brass tube loosely fitting the tubular shaft, steadies 
the upper end of this shaft in an upright position when the cover 
is removed, and gives rise to no constraint when the cover is on. 

The cover has a bushing in the center through which passes the 
hollow hub of a miter gear of 4 inches pitcii diameter, fitted to slip 
over the upper end of the tubular shaft when the cover is placed 
on the barrel. This miter gear is held in its place in the cover by 
a collar on the lower end of its hub below the cover. It is loose on 
the tubular shaft— which it is designed to turn — but is at once 
locked to it by the insertion of a thermometer-case, the upper end 
of which is provided with a stopple fitting the tubular shaft, and 
fitted with two wings which pass through slots in the upper end 
of the tubular shaft, and engage with corresponding key-aeats in 
the hub of the miter gear, locking gear and shaft together. A pipe 
box, having a stand and foot riveted to the cover, carries a short 
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1 orizontal shaft, on which, at the inner end, is a miter gear engag- 
ing with the one on the upright tubular shaft ; and at its outer end 
a crank, by means of wliich it may be turned, giving motion to the 
tubular shaft. 

A brass foliar, fitted to slide on the shaft, carries two arms of brass 
tube, 0.625-inch diameter, Bcrewed into the collar, serving as set- 
screws, to fix the collar at any desired height, and as supports for 
vanes to agitate the water. These arms are about 7 inches long, 
and extend to within about an inch of the lining of the barrel. The 
vanes have two blades, each secured to hubs which slide and turn 
freely on the arms, and may be set in any desired position, and at 
any desired angle, by set-screws. These vanes may, therefore, be 
considered as propeller blades, which in turning in the proper direc- 
tion give an upward motion to the water at the outer part of the 
space it fills, accompanied, of course, by an equal downward motion 
in the middle; and produce a circulation most conducive to equali- 
zation of temperature, without any alternate withdrawal and re- 
immersion of any part of the apparatus, which must always be at- 
tended by some loss of beat. Some improvement could be made, 
particularly by reducing the weight of certain parts, such as the 
steam condenser, especially for low pressures — under 120 pounds 
per square inch ; but the general principles are believed to he sound, 
and the operation was fairly satisfactory. 

It should be mentioned that blocks of dry pine wood were 
placed in the spaces at the bottom, under the feet of the condenser, 
to support the heavy weight of this part; yet this weight and the 
feet which support it are a source of great anxiety in moving the 
instrument, especially in shipping it long distances by rail, lest the 
feet should cut through the light copper lining of the barrel, A 
better plan would be to support the condenser on molded blocks of 
hard rubber of sufficient size to distribute the weight. 

It was necessary to ascertain the number of pounds of water 
which might be taken as the equivalent of so mncb of the metal of 
the instrument as must be assumed to follow promptly all changes 
of temperature in the contained water. Three methods were pur- 
sued for this purpose : 

1st. By direct calculation from the known weight and specific 
heat of the metals so situated ; 

2d. By drawing into the calorimeter, cooled down to a low tem- 
perature, a weighed quantity of water of a known higher temperature, 
and observing the resulting temperature — the method of mixture; 
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3d. By condensing a weighed quantity of steam of known press- 
sure and temperature, known also lo be dry saturated steam, because 
drawn from a quiescent boiler ; with a weighed quantity of water 
of known temperature in the barrel— again the method of mix- 
ture. 

By the first method we obtain : 

TABLE VI. 

EFFECTIVE BEAT V.VLCE OF THE CALORIMETER. 



_.._ 


UViu'ht 


Eff cell's 
"•* B. 1. D. 


I'OPP" '. 


m.e« 

IK 
8.81 
2.09 


.095 16 S3 














Totals 


LBS. 41 















The mean sp, ht, of the moss, at the usual temperatures, is there- 

By the second method : 

We have first to ascertain the limits of error in drawing off and 
weighing water from the steam condenser, as follows : 

FIRST TRIAL. 

Weight of water poured in lbs. 11 .80176 

Weight of water drawn out " 11.82824 

Apparent excess drawn out " 0.02148 

Ratio of excess percent. 0.1818 

SECOND TRIAL. 

Weight of water poured In lbs. 11.82129 

Weight of water drawn oot " 11.79785 

Apparent deficit drawn out " 0. 02844 

Ratio of deficit percent. 0.1085 

THIRD TEIAL. 

Weight of watpr poured in lbs. 11-80586 

Weight of water drawn out " 11-82324 

Apparent excess drawn out " 0.01758 

Ratio of excess per «"!*■ 0. 1483 
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Combining the errors of the three trials, we obtain: 
TABLE VII. 





™n* 


«**>. 






0.02184 
o. O2:i40 
0.01708 
0.02003 


0.349 

0.ST4 
0.331 
0.335 






0.1085 











It will be seen that the errors are in opposite directions, and that 
they include errorB of pouring in and of drawing out; and of two 
weighings. The error of drawing out and one weighing, is there- 
fore less than one-third of an ounce, less than one-fiftieth of a 
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A, Cask containing about 300 pounds 

B, Iron pipe and stop-cock. 

C, Thermometer in warm-water pipe. 

D, Rubber hose (or warm water. 



E, Calorimeter. 

F, Platform scales wdfclmii; t' 
U, Thermometer, ^nulnarrd 1 

RreeF. 
H, Stand to support cask, A. 



pound, and less than one-sixth of one per cent, on quantities of 11 
to 12 pounds. The calorimeter waa accurately leveled before mak- 
ing the experiments. 

In testing the heat capacity of the calorimeter by this second 
method, the apparatus represented in Fig. 10 was need. 
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The calorimeter was brought to about the temperature of the 
room, in order to reduce to a minimum its changes of temperature 
by external influences; and after sufficient use of the agitator to- 
uring the contained air to uniformity, readings of the central ther- 
mometer were taken once a minute during several minutes, in order 
to obtain the direction and rate of any change which might be ob- 
servable. Meantime the cask A, of capacity considerably greater 
than that of tho calorimeter (which is 200 lbs.), was filled with 
water by a hose, and warmed by steam, also by means of a hose, to 
25° F. or more above the temperature of the room, only taking 
care to avoid a temperature so high hs to cause rapid Iosb of heat 
by evaporation. After careful agitation with a stirring-stick, ite 
temperature was taken, and a little drawn off, to waste, through 
the hose D (removed from the calorimeter), to bring the pipe and 
stop-cock B and the hose D to uniform temperature with the 
water. The stop-cock was then closed, and the end of the hose 
inserted in the upper end of the tubular shaft of the agitator, from 
which the thermometer and its ease had been removed, as seen in 
Fig. 10 ; and the etop-cock was opened, and the water was allowed 
to flow from the cask into the calorimeter. Readings of the ther- 
mometer C were noted every 15 seconds during tiie filling, which 
takes 5 minutes. The temperature was pretty nearly uniform, and 
such variations as were observed, were due, it is probable, to im- 
perfect mixing. 

When the scales indicate that about the required quantity of 
water has flowed into the calorimeter, the stop-cock is closed, the 
hose is removed, the thermometer G, with its perforated tubular 
case, is replaced, the agitator is put in motion, and a set of read- 
ings of the thermometer G is taken at intervals of 1 minute (or 
less), for 5 minutes. The rate of cooling, which is regular, and 
very slow, being thus ascertained, it can be carried back to any 
desired point of time — in practice, to the time when the calorimeter 
was half full; and in a similar manner the slowly and regularly 
changing temperature can be brought forward to the same point of 
time. It is of course plain that the difference of these two tem- 
peratures at the same instant, will be the measure of the ealorific 
capacity of the calorimeter. 

It is necessary to compare the two thermometers, and G, and 
to allow for any difference which may be found in their readings 
in identical circumstances. It was found that when both were im- 
mersed in water at 95° F. to the same extent as when used in these 
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determinations, the latter (G) read 0.3 deg. lower than the former 
(C). The observations follow. 

TABLE VIII. 

DETERMINATION OP THE HEAT CAPACITY OF CALORIMETER. 



Time of readings by 
Auburndale horse- 
timer. 


Readings of thermome- 
ter G when calorimeter 
is empty. 


Readings of thermome- 
ter G after calorimeter 
is filled with water. 


Readings of thermome- 
ter C in warm water 
while calorimeter is 
filling. 


1 


2 


8 


4 


Min. Sec. 











76.60° 






1 


76.65° 






2 


76.70° 






8 


76.75° 






4 


76.80° 






5 


Began to fill calo- 








rimeter with warm 




• 


6 


water. 




101.6° 


7 






101.6° 


7 80 


76.975° 


98.95° 




8 






101.6° 


9 






101.6° 


10 


Filled. 




101.6° 


11 








12 




98.725* 




18 




98.675° 




14 




98.625° 




15 




98.575° 




16 




98.525° 




17 




98.500° 





By extending the range according to the ascertained rate of 
change of temperature, we obtain : 

Change of empty calorimeter per minute, 0.05° during 3.5 min- 
utes, 4 minutes to 7.5 minutes, and .05 x 3.5 = 0.175°, to add to 
76.8°, making this temperature when half the water had entered 
the calorimeter, 76.975°. 

Change of water after filling the calorimeter, 0.05° per minute 
during 45 minutes, to be carried back 4.5 minutes, from 12 min- 
utes to 7.5 minutes, and .05 x 4.5 = 0.225°, to be added to 
98.725°, making 98.950°. 

Temperature of warm water before entering the calorimeter, 
101.6°. 

Weight of calorimeter and water, pounds 489.125 

Weight of empty calorimeter, without thermometer and 

case 315.250 

Weight of warm water put in 178.875 
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To the temperature ascertained by thermometer G, we must add 
0.3°, by which amount it read lower than thermometer C, ma 
76.975 + 0.3 = 77.275, and 
98.950 + 0.3 = 99.250. 
Corrected for the varying specific heat of water, the correspond- 
ing number of British thermal units is set opposite each tempera- 
ture, respectively, in the following table: 

TABLE IX. 

QUANTITIES OF BEAT IN BRITIflH THERMAL UNITS. 



it half full 77.275 

Water, calorimeter half full 99.25 

Water before entering calorimeter 101.0 



(173.875 + 18 .61) * (10 1.ftS 48 - 99.3278) 
101.6848 - 77.3U56 

129.485 x 2.357 



24.8792 



= 192.485 x .09668 = 18.61. 



The value of x = 18.01, the quantity sought, has to be found by 
a few trials, beginning with 17.19, found by the first method, which 
proves to be too small by 0.8 per cent, to satisfy the conditions of 
the equation. 

Nine other similar determinations gave, with the foregoing, the 
ton following values: 18.09, 18.61, 18.50, 18.92, 19.06, 19.10, 
19.20, 18.40, 18.55, 19.42. 

The mean nf all la 18.78 

To this add Cor solder put on afterward, 2.09 Iba., sp. ht. - .043. . . 
Calorific value nf calorimeter as ascertained by the second 

method 38.88 

TIijb is nearly 10 per cent, more than was found by the first 
uiMliud, p. 719, which was 17.2. 
By the third method: 

At 5 hours 45 minutes p.m., when for an hour no steam 1 
lieen drawn from the boiler, while steam pressure at about 51.1 
pounds per square inch by a test gunge bad been steadily main 
taincd, the steam must be considered as substantially "dry, sattt 
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rated steam." It could not be "superheated," because there was 
no superheating surface ; and it could not contain much suspended 
water in liquid form, because there had been no ebullition for an 
hour, and the ebullition caused by drawing off to the calorimeter 
45.4 cubic feet of steam — less than one-half the cubic contents of 
the steam space — through a J-inch pipe, must have been very 
slight. 

Account of the experiment to determine by the third met/tod the 
heat capacity of the calorimeter. 

Height of mercurial barometer, inches 29.51 

Atmospheric pressure : lbs. per sq. inch 14.494 

Steam pressure by steam gauge 51.0 

Steam pressure, absolute 68.094 

Number of B. t. u. contained in one pound of steam of 

60.094 lbs. persq. inch pressure, absolute 1305.1060 

Temperature to which water condensed from steam was 

reduced in the calorimeter 85.75° 

Number of B. t. u. contained in water of temperature 

85.75" 85.796S 

Number of B. t. u. surrendered by ench 1 lit. of steam on con- 
densation and cooling to 85.75°, 1205.1080 - 85.7905 = 1110.3093 
Quantity of water from condensed steam, drawn off and 

weighed on coin scales, lbs 7.238 

Total number of B. t. u. given up by 7.338 pounds of 

rteam; 1110.8095 x 7.233= 8101. 5C22 

Temperature of water in calorimeter before admitting 

steam, degrees F 48.45 

Number of B. t. u. contained in ench 1 lb. of this water. . 48.453 
Number of B, t. u. gained by each 1 lb, of this water in 

rising from 48.45° to 85.75°, 85.7965 - 48-45110 =. . . 37.3435 
Total number of B. t. u. imparted to the water, divided 

by the number of B. t. u. gained by 1 lb., 8101.5622 ■+- 

87.8435= 216.9470 

Weight of water in calorimeter 300.0000 

Water valne of calorimeter, lbs 16.9470 






This result is only 1,47 per cent, less than the result obtained by 
the first method, and is strongly confirmatory of that result; espe- 
cially in view of the fact that several experiments made in circum- 
stances nearly similar, gave "saturated steam" when the value 
17.2 was used for the calorimeter. 

This third method is entitled to much weight, because it is pre- 
cisely the method pursued in ordinary use. Yet it seems hardly 
probable that this value can be less than we have found it to be by 
direct calculation, by the first method (p. 719); and I have there- 
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fore adopted as the heat -equivalent of the calorimeter, in the follow- 
ing calorimetric work, in terms of water, 17.2 pounds. 

The work done with tine instrument, will be found in the sequel, 
3. Tue Anemometeb. — The germ, and perhaps something more 
than the germ, of this beautiful instrument, is to be found in Weis- 
baeh's Lehrbuch tier Ingetiieur- and JUaxchhicn-Meckanik, Braun- 
schweig, Friedrich Vieweg und Sohn, 1857, vol. 2, pp. 734, 735, 
under the name of the Wollaston Anemometer. In its present 
form, it is the joint production of Mr. F. II. Prentiss and the 
writer, although the principal share belongs to Mr. Prentiss. 
Two glass tubes (Fig. 11), about 30 inches long, about 0.4 inch 
diameter inside and 0.7 inch outside, are connected 
at each end by means of stuffing-boxes, to suitable 
I brass attachments, through which they are secured 
i backing of wood. 

These attachments, at top and bottom, have eacl 
a tubular opening, with a stop-cock in the middle ol 
its length, which can be turned at will to establish it 
free communication between the glass tubes, or b 
shut off nil coin muni eat ion. Directly over each tube 
a brass drum-shaped vessel is placed, 4.25 inches in 
length and of equal diameter. The heads of tlies 
drums, at both ends, are formed of plate glass, prop- 
erly secured with screw-rings, and made tight will 
suitable packing. A tubular opening extends u] 
from each glass tube to the drum above it, and there 
is a hole in each drum, directly in line with the aiis 
of the glass tube, each fitted with a stop-cock and » 
nipple for attaching a flexible pipe. Two sliding 
scales are arranged between the glass tubes, to meas- 
ure, the one depressions, the other elevations of th 
surface of a liquid filling the lower half of the tubes, 
indicated in the cut, Fig. 11, near the middle of tit 
height. Both stop-cocks are represented in the cu 
as closed. 

The lower one being opened the two tubes, i 

communication at their lower ends, are filled up to 

about the middle of their height with a mixture of 

alcohol and water, care being taken to avoid wetting 

Kor of the upper end of the tube poured through— 

eiug done through a small glass tube inserted f' 
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the hole at the top of the drum, from which the stop-cock is re- 
moved for this purpose. The filling-tube is now to be raised so 
that its lower end is a little above the surface of the alcohol and 
water, the lower stop-cock is to be closed, and the upper one opened ; 
and crude olive oil is to be carefully poured in until it fills the 
first tube up to the upper cross-tube into the second tabe, and so 
finally fills both tubes and rises to about the middle of both drums. 

The crude olive oil is of an olive-green color, and forms with the 
colorless alcohol and water a beautiful and very deep meniscus, if 
the tubes are clean, and the filling has been done with sufficient 
care, making the line of dcmarkation very distinct. Neither liquid 
discolors the glass, and if up-and-down motions are made cautious- 
ly and slowly, the liquids do not mix, and the common surfaces 
remain undisturbed. The specific: gravity of the oil should be de- 
termined in advance, as it may vary a little, although we found it 
quite uniformly 0.910. The specific gravity of the alcohol and water 
may be made anything desired, between that of water, 1.000, and 
that of absolute alcohol, 0.813 ; but must always be made greater 
than that of the olive oil. 

Where extreme delicacy is desired, the difference may be as small 
as 1 per cent.; that is, if the oil be as above, .916, the mixture of 
alcohol and water may be, .926. If the difference bo much less 
than 1 per cent., the upper and lower liquids have a tendency to 
get into confusion, and do not constantly maintain a distinct line 
of demarkation at tbeir common surface. For many purposes, a 
difference of specific gravity as great as 2 per cent, will give suffi- 
cient sensitiveness— fifty timcB as much range as a water column — 
and is more convenient to use. 

The method of using this instrument to ascertain the force of 
chimney draft or other air current, is as follows : If both the 
stopcocks between the tubes arc opened, aud both the small stop- 
cocks on the top of the drums are also opened, so that the surface 
of the oil in both drums alike is open to the air, both liquids will 
come to a level ; the oil in the drums, very obviously, and the heav- 
ier mixture below the oil as certainly, if" not quite as obviously ; 
since if higher in one tube than in the other, the united weight of 
the two liquids in that tube must be greater than in the other, and 
must cause the liquid to sink down and flow into the other tube, 
raising the surface of the oil in the drum over that other tube, and 
causing it to flow across to the first tube, until both liquids are 
brought to a coincident height in the two tubes. 
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A eliglit difference will, however, commonly be found hi toe 
height of tlie lower liquid, owing to the unequal capillarity of tiie 
tubes, since these can rarely be obtained sufficiently Dear alike 
caliber to avoid, when in equilibrium, a small, but sensible tli 
eiice of level, which must be ascertained and allowed for. 

Ii, now, the upper stop-cock between the tubes be closed, lit 
lower one being left open, the surfaced of the two liquids will retain 
their respective heights in the two tubes, so long as the surface of 
the oil in the two drmns remains subject to equal pressure. Ent if 
one drum be put in communication with a flue or chimney, l)j 
means of a flexible or other tube connected with the nipple of tbe 
small stop-cock — this stop-cock being open — while the other dram 
remains open to the air through its open stop-cock, the diminished 
pressure, due to chimney draft, upon the surface of the oil in that 
drum, will cause the oil to flow up into the drum, under the prepon- 
derating weight of the air on the surface of the oil in the other drum. 

The surface of the oil in the drum is about 100 times as large as 
the inside cross-section of the glass tubes, and iu the same propor- 
tion will the rise of the lower liquid on the one side, and itB de- 
pression on the other, exceed the corresponding rise and depression 
of the upper surface of the oil. 

If now, when equilibrium has been restored, the lower stop-cock 
be closed and the upper one opened, and the connection with tbe 
flue or chimney be severed — say by removing the flexible tube from 
the nipple — the lower liquid will be kept immovable, while the oil 
will flow through the upper cross-tube, and come to a common 
level in the two drums. On connecting the nipple again with the 
flue or chimney, and again closing the upper stop-cock and opening 
the lower one, a diminished repetition of the former action will 
take place ; the lower liquid will rise a little in one tube and fall 
a little in the other, and the surface-level of the oil in the two 
drums will again become slightly unequal. This inequality, widen 
will be much less than before, may be again removed by tbe same 
method; and a very few repetitions of this process will bring the 
difference in level of the surface of the lower liquid in the two 
tubes (corrected for inequality of capillary attraction, as explained 
above), to represent the entire difference in pressure on the sur- 
face of the oil in the two drums, due to the draft of the ehimne} 7 ; 
that is, a certain known height of column, tilled, in one tube with 
a mixture of alcohol and water of specific gravity 0.926, with the 
flue-pressure resting on its surface, is just balanced by an equal 
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height filled with olive oil of specific gravity 0.910, with the press- 
ure of the atmosphere resting on its surface. The differential col- 
umn, therefore, represents a water column one-hundredth part as 
high, or a column of mercury t^V^ part as high. A draft which 
would be measured by 0.01 inch of mercury, or by 0.136 inch of 
water, would, on this anemometer, be measured by 13.5 inches of 
differential column. It is therefore a hundred times as sensitive as 
a water column, and more than 1,300 times as sensitive as a mer- 
cury column. It' too sensitive, so that the required range would 
exceed the limits of the instrument, its sensitiveness can be re- 
duced to any desired extent by a larger admixture of water, or by 
the use of pure water, as described by Weisbach, in which latter 
case the difference of specific gravity will be (1.000 — 0.916) — 0.084, 
and the sensitiveness 11.9 times as great as that of water alone, and 
160 times as great as that of a mercury column. 

This instrument with the respective specific gravities 0.937 and 
0.916, difference, 0.21, equal to 2.1 per cent, was sensitive enough 
to show plainly the reduction of chimney draft caused by opening 
a sliding register in the fire-door for the admission of air above the 
fire, giving an aggregate open area of no more than six square 
inches. An instrument of such delicacy for determining pressures 
affords the best attainable data for estimating the velocity of air 
currents, far superior to the Casella revolving anemometer, or any 
other known to me. I will only add that after trying almost every 
applicable substance for packing the stuffing-boxes around the ends 
of the glass tubes, rings of cork, cut out of sheets of fine cork 
0.25 inch thick, of suitable size to go tight over the tubes without 
bursting open, and to go easily into the stuffing-box, answered best ; 
that is, they stopped all sensible leakage ; but there was still a slow 
waste of alcohol — and perhaps of water also— by insensible leakage, 
and evaporation on coming to the air. The compression of the 
cork was very great ; six rings of 0.25 inch each — 1.5 inches in the 
aggregate — were compressed into a thickness of less than an eighth 
of an inch. Too much care cannot be taken to make all joints and 
stop-cocks tight. All passages through the brass should be drilled, 
and to this end, the turns at the lower end should be rectangular, 
instead of carved quarter-turns, as shown in Fig. 11. 

4. The Incased Aneroid. — This is simply a fine aneroid ba- 
rometer, 8.12 inches outside diameter, 2 inches in thickness, put into 
a brass case, resembling the case of a large steam gauge, fitted with 
a stout ring, by means of which a plate-glaBS cover is made air tight. 



54 TRIALS OF A WABM-BLAST APPARATUS. 

A 3- way cock nt the bottom, connected by a flexible tube with a 
pipe inserted in a flue, affords facility for observing, alternately, 
and aa often as desired, the difference between the barometric press- 
ure of the external air, and the rarefied air within the brass case, 
outside of the aneroid, when the cock is open to the flue. Eacli 
inch of mercury is represented by an arc 2.21 inches in length, 
divided to tenths and fiftieths. Eacb of the smaller divisions is 
therefore equal to .044 inch, and to 1.12 millimeters, and is easily 
divisible by the practiced eye, to tenths, equal to .002 inch mercury, 
representing say 0.001 lb. pressure per square inch, and to .0277 
inch of water. A hole 0.5 inch diameter, properly located in the back 
of the case, and stopped with an air-tight screw plug, gives access, 
on removing the plug, to the adjusting screw of the aneroid, bo 
that the latter can be compared — and if it need be adjusted — by 
the mercurial barometer. This instrument was found convenient 
and useful. 

5. The Mercurial Barometer. — This wa6 an ordinary "Si 
nal Service" barometer, by J. & H. J. Green, New York, wil 
freshly boiled mercury, and in all respects in good order. All ob- 
servations were corrected for temperature, by attached thermometer. 
The floor of the boiler room is about 37 feet (11.28 meters), above 
mean tide in Boston harbor, and the barometer itself, as observed, 
40 feet. This elevation is equal to 0.0456 inch of mercury and to 
0.093 lb. per square inch. The mean weight of the atmosphere 
is therefore: 29.921S — 0.0450 = 29.8762 inches, and tu 14.696 
— 0.093 = 14.603 lbs. per square inch. Lawrence is 26 miles S. 
by W. from Boston, in Lat. 42° 42' 30" N., Long. 71° 10' 0" W. 
The vnlne of g (the force of gravity) is 32.163, 

6. Thk Hygrometer. — This was the wet-and-dry bulb "Hygro- 
phant," of J. S. F. Huddleskm, Boston. The observations were 
reduced by Guyot's Tables, 3d edition, Smithsonian Institution, 
Washington, D. C. 

7. Thermometers. — These were many in number, and in con- 
siderable variety ; all which were used for purposes requiring ac- 
curacy being tested by Mr. J. S. F. Huddleston, Boston. All were 
graduated to the Fahrenheit scale, some to half degrees, some to 
one-fifth degree, and some to one-tenth degree. One long and deli- 
cate thermometer, sole survivor of its class, is described as folio' 
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Whole lrngth 31.5 inches. 

Length of bulb (mean) 2.8 " 

Diameter throughout 0.2B " 
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Length ot graduated stem 28 inches. 

Graduated, range, IB" to b3" a 64°. 
Graduated to -,',; degree. 

Wlio'.e weight 1405 grains. 

glass, 80.5£ 1132 •' 

Hg, 1B.5£ 273 " 

Sp. ht. glass, .1933 ; Hg, .0290, mean, .1705. 
1405 x .1705 



Heat v 



7000 



This thermometer was used with the steam calorimeter, as were 
others similar to it, which were hroken. Being accurately cali- 
brated and carefully divided, .4375 inch to 1°, 0.437 = 1.11 milli- 
meters to 0.1°, it may he read with much confidence to 0.01°. It 
is not to he supposed that actual temperatures, above 0° F. could he 
determined by it to this degree of accuracy; but differences of 
temperature, within a moderate range, as in calorimetrie experiments, 
may be considered as correct within less than 0.01° at each reading, 
say 0.02° in the observed range. On a range of 10% as in pyrometry, 
this would be 0.2#. On a range of 50°, as in calorimetry, 0,04#. 

8. The Winckler Apparatus. — This clever and convenient in- 
strument for ascertaining, approximately, tiie quantity of carbon 
dioxide (CO s ) in flue gases, by the volumetric method, will not 
be described, as it exists, so far as I know, in only one form, and 
is to be obtained from dealers in chemical instruments, apparatus 
and materials. It is not delicate enough to determine the quantity 
of carbon monoxide (CO), hut will detect traces of it when 
present. 

But this gas will neve?' be found in more than very minute quan- 
tities in any reasonably well-managed fire, and for the convenient 
and expeditious determination of the CO s , and consequently of 
the quantity of atmospheric air per pound of carbon (and per 
pound of coal, if the composition of the coal is known), the 
Winckler apparatus is very valuable. It was used in these experi- 
ments only as an auxiliary — the CO a and CO being ascertained 
throughout by the more accurate gravimetric method, 

9. The Geisbler Bolus. — These are used in determining both 
the CO E and the CO in flue gases, by the gravimetric method, and 
are seen suspended from the scales, and also in place in the appa- 
ratus, in Fig. 17 (to be introduced in the sequel). I remark only 
that they should be of large size, in order to deal with considerable 
quantities of the absorbed gases. 

10. The Chemical Balance.— This, also, should be of large size, 
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to weigh 200 milligrammes without injury to the scales ; and of 
the beat quality obtainable. Tbe one used in these experiments, 
was made by H. Troemner, Philadelphia, weighing up to M 
grammes, = 3086.5 grama, or about 0.44 lb. av., divided to weigb 
to tenths of a milligramme, but capable, by ekillfnl manipulation, 
of weighing to twentieths of a milligramme (.00005 gramme), 

H. The Steam Gacge. — A 10-iucb Bourdon steam gauge, made 
by the American Steam-Gauge Company, compared with a mer- 
cury column — i-is often before — both before and after the experi- 
ments, was put into a position where it could not be affected by heat 
from the boilers, and kept shut off except at the time of quarter- 
hourly readings. Every opening of the stop-cock, to let the press- 
ure come to this gauge, produced an instantaneous lowering of the 
pressure in the small pipe leading from the boiler, and recorded 
itself by a slight mark on the trace of the Edeon recording press- 
ure gauge — a very satisfactory check upon the accuracy of the 
readings in point of time. 

12. The Edson Pressure-Recording Gauge. — Continuous 
tracings from this instrument — night and day — were taken, and in- 
tegrated, for comparison with the record of the test gauge. 

A set of these tracings, for one week, will be found reproduced 
hereafter. 

Some other minor pieces of apparatus will be briefly described, 
so far as necessary, in connection with the account of their use. 



I next to present a general summary of i 
followed by a condensed record of the weekly experiments. 
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GENERAL SUMMARY OF RESULTS. 




Pacific Boiler : Cold Blast, Natural Draft. 




\VAfiM-Bt»ABT Boilkb No. 1 : Abstractors with double tubes 




Wabm-Blast Boiler No. 3 : Abstractors with deflectors, applied to the 


" Pacific Boiler." 




The results with anthracite, in the Pacific boiler, are 


the means 


for five weekly trials ; all the others are for single weekly trials. 


TABLE X. 


Anthracite. 


Bituminous. 


Coal consumed, net, per weei : 








1BS64 

20308 


12890 
15184 




Warm Blast No. 2 


Water evaporated per week : 








147039 
180542 
157483 


131590 
14507J 






Pounds of water per pound of coal : 




9.04 
8.88 
9.41 


9.43 
9.55 






Mean temperature of feed water : 


Pacific Boiler (Fahr.) 


71.90" 

38° 
40° 


72.40° 




Mean temperature of external air, dajs ; 




78.3° 

84° 

49° 


71° 
84. 2° 






Steam gauge pressure above atmosphere, pounds per 
square inch : 




47.54 
54.40 
42. SO 

14.47 
14.04 


47.80 
64.40 

14.61 
14.66 






Mean barometric pressure, pounds per square inch : 






Steam pressure, absolute : 


62.01 

69.04 
57.30 


61.91 
79.06 
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TABLE X. 


**»*. 


B,™„,, 


Pounds of water evaporaied from an J at 212° F., pec 
pound of coal, days and nighis: 


10.51 
10.81 
11.13 

0.34 

10.00 
10.77 

18.56 
13.45 
18.61 

77.48 

80.87 
81.74 

78.98 

87.05 
87.78 

88.87 
74.85 
79.20 

81.13 
25,85 

20.80 

17.75 
2.64 
2.18 

83.03 


10.5s 
11.51 

11.25 
M.fl 

14.27 
11.30 

70.73 
80.70 

76.58 
84.31 

64.61 
74.96 

35.39 
25.04 

17.03 




Water evaporated from and at 212" F. by day. per 
pound of coal burned during days and nights": 






Evaporative power of coal : 


Warm Mart No. 1 

Efficiency, days and nights, per cent. : 






Efficiency, days, per cent. 






Efficiency : water, days ; coal, days and nights, per 


Warm Blast No. 3 

Losses: per cent, cnraplement of efficiency* : wafer, 
days only ; coal, days aud oiglits : 






Losses, per cent. , at chimney, liy radiation from brick- 
work, and by imperfect combustion, = CO : 








23.27 

14.24 
4.00 

1.06 


15.00 
4.00 
0.63 




CO... 




19.68 


19.80 


13.88 
4.00 

1.43 










13.36 






1 
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TABLE X. 


Anthracite. 


Bltumlnoaa. 


Temperature of smoke-boy, Falir. : 


868.3" 

3H6.9" 
877° 

78.3° 
887.7° 
334° 

I HIT 
184' 

0° 
207.9° 
213= 

o- 

803.7° 
885" 

397.8° 

361.1° 
391.3" 

70.8° 
127.1° 
127.2° 

319.3° 
21.6* 

43.8= 

33.39 

23.49 
34.17 

5.83 
5.69 
5.75 

1576 
866 
661 












Temperature of air supplied to furnace i 












Temperature of escaping gases. 












Gases doled by abstractors : 












Air warmed by abstractors : 






815.6° 




Temperature of steam, days : 






333.6" 




Difference of temperature, boiler anil gases i 


79.6' 








Difference of temperature, boiler and air supply : 


336.3° 
26.9° 






Pounds of flue gases per pound of coal, days : 












Pounds of water equivalent in beat capacity to flue 
gases per pound of coal ; sp. beat of gases = 0.238. 












Hritisli tbermal units carried off in gases per pound o: 
coal, days : 
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TABLE X. 


Anthracite. 


m«** 


Efficiency torreettd for difference in temperature o! 
i-itt'riiiil air, and difference in time at banking firee 


66.67 
78.18 
81.43 

8.31 
12.58 

11.9 
15.4 

13.5 
18.8 


84.61 
77.58 


Difference "f Efficiency : Points gained by warm 
blast, over Pacific Boiler, cold blast : 


12 98 


Ratio of gain to Hie larger quantity (,VM = 11.9* etc.) 
Warm Blast No. 1 per cent. 


18.7 


Ratio of gain to the smaller quantity (&>}- = 18. 5J 













The power consumed in driving tlie blower ia about 1 percent, 
of the whole power produced by the boiler in combination with a 
good steam engine. 

It therefore appears that the net saving effected by the warm 
blast was from 10.7 to 15.5 per cent, of the fuel used with cold blast, 
which is the same thing as to say that discontinuing the warm blast 
would cause an increased consumption of fuel equal to from 12.3 
to 18.9 per cent, of the quantity used with hot blast. Broadly 
stated, the gain is 10 to 15 per cent. 



CONDENSED RECORD OP WEEKLY EXPERIMENT8. 

The following tables are greatly condensed, embodying, as they 
do, the summing up of more than 1,250 pages of notes taken dur- 
ing the tests, and the results of very laborious calculations. Table 
XX, occupying eleven pages, is progressive, the successive sections, 



ing the 
XI., occ 
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nbered at the left hand 1 to 38, requiring for their full explana- 
i only preceding sections. Observe, that the Jine " Mean, for 
bracite," gives for the Pacific Boiler (cold blast), the means of 
first 5 weeks, A, B, 0, D, E ; and for the Warm-Blast Boiler, 
means of the first and third week, G and I — the single weeks, 
nd H, are to be compared with the corresponding means. 
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CONDENSED RECORD OF EXPERIMENTS. 

The line "Mean of all," in each Bection, has not much signifi- 
cance, especially in sections relating to fuel, but may be found con- 
venient in a general way. 

Table XIL is the result of duplicate analyses, with repetitions in 
cases where the duplicate results appeared to be too discrepant. 
The anthracites were remarkably uniform, as, indeed, were the 
bituminous samples. The marked character of each kind of coal 
will be noticed. 

In Table XIII. the hygrometric observations were reduced by 
Gnyot's tables, each by itself, and a mean was taken of the results. 

Tables XIV. and XV. are the result of continuous duplicate 
analyses of the flue gases, through each forenoon, each afternoon 
{except Saturday p.m.), and each night. Bottled samples were also 
taken simultaneously, for verification of results in cases of too great 
discrepancy between the two simultaneous duplicates. 

Observe that, in the middle division of these tables, the sums of 
the figures in lines 1, 2, make the quantities in line 3, and that 
these correspond to the first line in the upper division ; the sums 
of the figures in lines i, 5, make the quantities in line 6, corre- 
sponding to line 2, upper division ; the sums of the figures in lines 
7, 8, make the quantities in line 9, corresponding to the third line 
in the upper division ; and that the sums of the figures in lines 2, 
5, 9, 10, make the quantities in line 11. Finally, the figures in 
wide-face type, lines 3, 6, 9, 12, make 100.00. 

In the lower division, the figures in lines 1, 2, those in lines 4, 5, 
and those in lines 6, 7, added together, make in each case 100.00. 
Tlie quantities, or ratios, in line 8, are simply 100 times the quo- 
tient of the numbers in line 7, divided by those in line 6. 

In line 10, the O combined with hydrogen in the coal, disappears 
in desiccating the gases, and does not appear in the dry gases. 

All necessary details concerning the manner of arriving at the 
several values inserted in these tables, will be found in the Bequel. 
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MEASUREMENT OF HIGH TEMPERATURES. 77 

Pyrometric Measurements of Temperatures. — All tempera- 
tures ascertained by the use of the water- platinum pyrometer, here- 
tofore described, are embodied in the following tables, and these 
tables, m turn, are graphically represented in the accompanying 
diagrams. Temperatures were taken at both boilers, but the 
greater number, probably, at Warm-Blast Boiler No. 1, since 
special provision was made in the setting of that boiler for con- 
venient use of the pyrometer. The high temperatures in Table 
XVI. were taken at Warm-Blast Boiler "No. 2 (which was 
" Pacific Boiler" remodeled to warm blast), more than two months 
after the close of the last weekly experiment, ending May 20, 
1882. My assistants went to Lawrence on a morning train, took 
matters just as they found them in the regular daily use of the 
boiler, and obtained the results in this table — partly melting the 
platinum balls in experiment 6 — probably the result of some slight 
impurity in the platinum. I have used, for the most part, the 
temperatures obtained by the first (and simplest) method of reduc- 
ing the pyrometric observations to degrees F., partly because that 
method gives a result a little too high, in most cases — not more 
than 1 per cent, too high — and we are sure that the heat-carrier can 
never be hotter than the flame or other source of heat to be meas- 
ured, and may be a little cooler. 
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JT7LY 28. 1882. OBSERVATIONS NOB. 1, 2, 3 AND 4, AT BBLW3B WALL. B 
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-sistli of tlie platinum was fused in observation 6, and cooled ii 

drops, like shut ; nnd one dro|> adhered to tliu lip of the pyrometer, and did net 

it all— il circumstance which raised the " rntio" fci 107.7. 
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The " true temperatures," in columns 3 and 8. are found by the use of Table 
VI. (except Nos. 5 mid 6, which go too high for Table VI.. and are obtained from 
Table IV.), in the manner eiplained on p. 30. Observe that in Nob. 1, 3. 4 and 
6, the platinum heat-carrier was used ; and Nos. 3 and 4, the compound, Pt, Fe, 
Lent-carrier, The three methods do not give results very discrepant. The first 
method gives temperatures n little too hiyh : Mi<> seentid a little too low ; the 
third, usually u little nearer correct, Tli« greatest differences occur with the Pt, 



Fe heat-carrier. 
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* Date not racordud. ' Peihipn WW Ion high. • Fires banked. 


This table is represented graphically, a? o profile in Pig. 12, the tempeTstu *" e . 


being represented as ordinate; at eciuul distntics. but in the pame order as in t**, 


table. Tin: temperatures for July 14 are represented graphically in Fig. "*- ' 


with the ordinates properly spaced to represent the respective times at whi-*^ 


thoy were taken, 
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TABLE XIX. 


PYHOMETMl' MEASUIIEMEKTK l.'F TEMI'EKATITilE IN AHCH OVER WARM-BLAST 




BOILER HO. 1 ; FEBRUARY 13, 1889. 
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The highest observed temperature of superheated steam in the 


boiler, was 344° F., and the highest temperature of the iron must 


have been about midway, say, = = 624 , or perhaps a 


little higher 


table xx. 


COMPARISON OF TSMTCHATTOES FOCSD WITH PACIFIC AND WABM-BLAST BOILERS. 
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Before any just or useful comparison can be instituted between 


the several figures in Table XX. it will be necessary, or at least 


convenient, to reduce them all to a common basis — 1° temperature 
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of external air. This will affect many of the other figures. For 
simplicity uud convenience, we will reduce tliis, in both cases, lo 
0° C., = 82° F., which will reduce the temperature in the case of 
the Pacific Boiler, 78° - 32" = 46°, and in the case of the Warm- 
Blast Boiler, 34" — 32° = 2° F. A corresponding reduction would 
result in the temperature of the fire; but here another equalization 
ie required. 

The temperature of the heart of the fire is affected chiefly by 
two causes, namely : First, the quantity of air passing through the 
fire per pound of coal burned ; and, second, the temperature of this 
air. For the latter, we merely subtract, as above mentioned, 46° 
from the temperature in the case of the Pacific Boiler, and 2426 1 

— 46° = 2380" ; and in the case of the Warm-Blast Boiler, 2796' 

- 2° = 2794°. 

But these temperatures were found in different quantities of air: 
21.28 pounds of air per pound of coal, in the former case, and in 
the latter, 20.36 pounds. Taking this last quantity in both cases, 
and assuming the anthracite coal to be in such a state of ignition 
that the hydrogen it may have contained has ail been consumed, 
and neglecting the moisture in the air, we have, 0.238 being the 
specific heat of air, and also the gases of combustion ; 0.82 the 
proportion of carbon in the coal, and 14,544 B. t. n. the full heat- 
ing power of 1 pound of carbon : 

14544 x 0.82 _ 11926.08 _ „.- 
20.36 x .238 4.84508 "* bl 

This will bo the increment of heat, in degrees F., in passing 
through the fire in both cases ; to be added in the one case to 32 , 
and in the other case to 332°, the difference, 300 = , being due to 
heat derived, in the abstractor, from the outflowing gases, in the 
Warm-Blast Boiler. Then : 

Pacific Boiler 2461" + 82° = 2483" 

Warm-BlasL Boiler 2461°+ 832' = 2793° 

Difference 2798° - 2493' =800° 

There will be less difference at the bridge wall, as the tempera- 
ture tends to equalize itself with that of the boiler, and this tend- 
ency 1b the more rapid the greater the difference between the fire 
and hot gases on the one hand, and the boiler and its contents on 
the other. I arrive at the following mean temperatures, under 
equal conditions : 
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AT THE BKIDGE WALL. 

Pacific Boiler 1840° P. 

Warm-Blast Boiler 1800* P. 

Difference, 1600' - 1340° = 260' F 

The temperature at the pier, wo found 895° (Fig. 12), and the 
corresponding temperature for the warm blast is 1050°. We then 
have; 

FLUE GASES : 

At the pier, iilxnii. to cuter flues, 

Warm-Blast Boiler 1050° F, 

Pacific Boiler 885* F. 

a, 1050° - 895° =s 156° F. 

Discharged to chimney. 

Pacific Boiler 878° P. 

Warvu-Blnst Boiler 1«8* P. 

Difference, 373° - 162" = 221° F. 

The temperature at the smoke-box will depend chiefly on that of 
the steam and water in the boiler; and that, in turn, depends in 
great measure on the rapidity with which eteam is drawn off. "We 
will assume the temperature of the steam to be 300" F., which is 
not very far from the mean, corresponding to 67.2 pounds pressure 
per square inch, absolute, and to about 52.5 pounds steam-gauge 
pressure. (The mean, for the Pacific Boiler, was 47.50, and for 
the Warm-BlfiBt Boiler, 53.77.) The corresponding temperature in 
smoke-box, wc have found to be 377° for external air at 34" (Table 
XX.), and for 32° we may properly call it 375° F. We have 
found the temperature in smoke- box, Pacific Boiler, to be 368° with 
47.5 lbs. the square inch mean steam pressure, corresponding to a 
temperature of 285° in the boiler. Adding 5°, to bring it up to 
our assumed temperature, 300°, we have 368° + 5° = 373° F. ; that 
of the Warm-Blast Boiler being, as we have seen, 375° F. The 
gases discharged from the Warm-Blast Boiler to the chimney, we 
have found to be at 164°, with external air at 34°, and we may call 
them, for air at 32°, 162° F. 

We may now reconstruct our table, on a basis of equal temper- 
ature of external air, and throw its numbers into the form of a 
diagram, fairly representing the comparative temperatures in the 
two boilers (Fig. 14). 
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Diagram of CompanUn Temperaturea. 
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TABLE XXI. 

COMPARATIVE TEMPERATURES— PACIFIC AND WARM-BLAST BOILERS UNDER EQUAL 



TO CO, : EXTERNAL A 
SQUARE ISCU ABOVE ' 



At., 83 PERCENT. IAHHON. COM I' LET ELY BURNED 
r 32° FAHR., STEAM PRESSURE, S3. 5 POUNDS PER 
ATMOSPHERE — TEMPERATURE OF 8 I BAM, 800° F. 



In heart of fire 

At bridge wall 

At pier 

In siuoke-boi 

Air admitted to furnace 

Steam and water in toiler 

Gnsea escaping to chimney 

External air 

Gases cooled, Warm-Blast Boiler 
Air warmed, Warm- Blast Boiler 



It will lie observed that the air entering the furnace is witrmed 
300", while the gases are cooled only 213". This difference, or 
something like it, was constantly observed, and may be explained 
by two causes : First, the weight of the gases was about one-twen- 
tieth greater than that of the incoming air, by reason of the carbon 
carried off as C0 2 , and (the specific heat of the gases and of air 
being sensibly alike— 0.23S), this circumstance alone would bring 
the cooling of the gases down from 300" to 2S5"; second, the whole 
mass of brick and iron composing the abstractors was kept at a 
pretty high temperature by conduction from the boiler setting. 

This would tend, of course, to raise the mean between the out- 
going gases and the incoming air ; that is, to aid the warming of 
the air, and to retard the cooling of the gases. The mean tem- 
perature of the air in abstractor was (32° at entering, 332° at leav- 

ing), jt = 187°. The mean temperature of the gases in 

abstractor was (375° at entering, 162° at leaving), — -= 

= 268.5° ; and 268.5°- 187.0° = 81.5°. 

When the air enters at 32°, the gases are leaving at 162"; and 
J62° - 32° = 130°. 

When the air leaves, to enter the furnace, at 332°, the gases are 
entering from the smoke-box, at 375°, and 375° — 332° = 43°. 

i — — ^ = 86.5°, is about the difference to be ex- 
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peeled between two fluids on opposite sides of iron plates, the one 
importing heat to the other, at the rate of conduction necessary in 
steam hollers. It may, perhaps, be reduced to 75", but it is prob- 
able that the enhanced cost of the apparatus would be out of pro- 
portion to the gain- 
Table XXI. is graphically represented in Figs. 14 and 15. The 
former sufficiently explains itself, as the several temperatures in 
Table XXI. are merely located at their proper respective positions, 
according to the scale chosen. 

TLe base line is the absolute zero of temperatures, 461.2° F. be- 
low zero Fahrenheit, equal to 274° C. below 2ero centigrade. The 
spaces shaded by heavy vertical lines represent the respective 
quantities of heat carried off by the chimney. 

Fig. 15 represents the same temperatures as they stand related 
to the surfaces of the shell and flues of the boiler, and to the flues of 
the abstractors, by means of which heat is withdrawn from the gas- 
eous products of combustion, and imparted to the water in the boiler. 

The diminishing rate of absorption witb reduction of tempera- 
ture, as the gases approach the teniperature of the absorbing sur- 
faces, is clearly shown. 

The gases are, in fact, cooled by the air in the abstractor 138° 
F. below the temperature of the steam in the boiler, but a very 
large area is required to do this. 

Incidentally, Fig. 15 shows the relative volume of the gases of 
combustion at successive points. Calling the volume at the tem- 
perature of external air (32° F.), equal to 1, it is 6 to 6.6 in the 
heart of the fire, 3.65 to 418 at tlie bridge wall, 2.75 to 3.06 at the 
pier, on entering the boiler-flues, 1.69 at the smoke-box, and 1.26 
at the blower, where it is discharged to the chimney. 

These two diagrams, Fig. 14 and Fig. 15, are a complete sum- 
mary of the experiments recorded in these pages, so far as they relate 
to the two modes of boiler setting, with cold blast and warm blast, 
applied to boilers otherwise exactly alike, under equal conditions. 

Analysis of Coals — The manner of obtaining and preserving 
samples of coal has been already described. A suitable portion of 
each sample to be analyzed, separated from the rest with the pre- 
cautions usual in assaying to insure a fair representation of the 
whole sample in tlie part selected, was put into a platinum " boat," 
weighed, inserted in a glass tube about £ inch caliber and 24 inches 
long, and kept at a gentle heat — a little above 100° C— in the fur- 
nace seen in Fig. 17, with a stream of air passing through the 
tube, to desiccate the coal, until after repeated trials, it came to 
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constant weight, when it was supposed to be dry. The tube was 
then connected with a can containing compressed oxygen, the heat 
was increased, by means of the fifteen Bunseu burners of the fur- 
nace, to a moderate red heat, and a stream of oxygen was passed 
through the tube, until after repeated trials, the boat and its con- 
tained coal again came to constant weight— the carbon (and any 
other combustible substances which may have been present), hav- 
ing been oxidized, leaving in the boat ash only. 

The use of oxygen instead of atmospheric air facilitates the oxi- 
dation, greatly shortens the process, and not only saves the time of 
the assistant, but, most important of all, lessens in a still greater 
degree the danger of losing an analysis through the premature 
breaking of a tnbfl — a circnm*tance happening with vexatious fre- 
quency when air iB used. All analyses were made in duplicate, 
and in case of suspicious difference, or of accident to one boat, 
they were repeated until satisfactory agreement was reached. 

Passing, after leaving the tube, through a calcium chloride tube 
and a set of Geissler bulbs, the oxygen leaves its water, derived 
from oxidation of the hydrogen, in the former, and its CO-, de- 
rived from the oxidation of the carbon, in the latter. The four 
chief ingredients of the coal- — carbon, water, ash, and hydrogen, 
being thus determined directly, by weight, the remaining possible 
ingredients — oxygen, sulphur, and nitrogen are, in the anthracites 
left undistinguished, as a residuum, small in amount, only about 
2.8 per cent, in the aggregate. In the bituminous coals, the deter- 
mination of the sulphur, less than 1 %, and of the oxygen, 4.5 to 5£ 
(in one case), leaves the nitrogen as a residuum, 2 %. 

The continuous reservation of samples — at every firing— the 
systematic preservation of these samples, their uniform treatment, 
and the great number of duplicate analyses, give reason for consid- 
erable confidence in the final mean results. 

Color -{metric obwrvtl ions to determine the quantity of entrained 
water in the steam. — The full notes of all experiments with the 
calorimeter, made during the entire week, July 11-10, 1881, are 
subjoined, together with the calculations of results. These experi- 
ments were made at various Btages of the fire, and under varying 
conditions of demand for steam, and of rising and falling, and 
stationary pressure, and are supposed to represent fairly the usual 
operation of the Pacific Boiler in this respect. In a few instances, 
noticeably in the three observations on July 14, there is a slight ir- 
regularity in the first reading of the thermometer, " after admitting 
" column 7, due, perhaps, to imperfect mixing; but subse- 
ment readings are clear. 
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Calculation of the quantity of entrained water in steam, from 
data obtained by calorimetric observations, Monday, July 11, 1881, 
llli. 43m. a.m. given iu detail in Table XXII. (1), p. 91. 







29.79 


Correapondingattnosplieric pressure 


lbs. per sq. in. 


14.63 






39.90 






54.58 


Number of British thermal units above II" F. con- 






tained in 1 lb. ol saturated steam of 54. 53 lbs. per 








B. t. u. 


1301.2755 


Number of B. t. u. contained in 1 lb. of mater of 






86.575° F. (also above 0° P.) 


B. t. u. 


86.6232 


Number of B. t. u. given up by 1 lb. of saturated 






steam of 54.53 lb*, per sq. in. absolute pressure 






condense 1 and coined to HIS. 575' F 


B. t. a. 


U 14.6523 


Number of B. t. u. which would be given up by 






5.6094 lbs. of saturated steam of 5488 lbs. per 






sq. in absolute pressure, by condensation at 
86.575'; 1114.6523 x 5.00y4 - 






B. t. u. 


6253.5806 


Gross weight of colorimeter and watertherein coii- 








lbs. 


515. G25 




lbs. 


317. 035 




lbs. 


198. 


Heat capacity of ciiloriineter, in equivalent weigbl 




of water 


lbs. 
lbs. 


17.2 


f'"Ii>rific value in B. t. u. of catoriiueter and content*. 


315.3 


Number of 1). t, u. contained in water at 80.575' 








B, t. u. 


86.6232 


Number of B. t. u. contained in water at 57.05 






(col. 4, p. 707.) 


B. t. u. 


57.9570 


Number of B. t. u ai;tuullv nlaed by each 1 lb. ol 
water raised from 57.05 s F to MU.575' F 






B. t. u. 


28.0003 


Number of B. t. u, giiined by 315.2 lbs of water, 






including the equivalent for the calorimeter, in 
rising from 57.0.1 ' to H6.5T5 : 215.3 x 28.666-'. . . 






B. t. u. 


6108.9662 


EiceBB of the number of B. t. u. which would 






have been given up by saturated steam, over 






the number nctuallv gained by the water, = 






6352.53011 - Bios.aoaa 


B. t. u. 


63.5644 


Ratio of this esceas to the number which would 






have been given up by 5.601)4 lbs. of saturated 






Steam of 54.53 lbs per nq in. nbsolute pressure, 






condensed at 86.575 F., = 83.5044 + 6252.5306 = 


Ratio. 


.013366 



It therefore appears that the 5.6094 lbs. of actual "steam" ad- 
mitted to the calorimeter was not saturated steam, but a mixture 
of saturated steam and water of equal temperature, in such propor- 
tions as to require 1.33G5 per cent, of the quantity of heat which 
5.6094 lbs. of saturated steam of 54.53 lbs. per square inch press- 
ure absolute would have given in condensing at 86.575° F., to 
complete the evaporation of the entrained water. 






TKIALB OF 4 WARM-BLAST APPARATUS. 



The temperature of the eteara and writer alike U. . 
The Dumber of B. t. n. above 0' F. contained in 

water of temperature 280 3457° F. is 

From tliis nuiiii>er subtract the- number of li. t. u. 

above Y. contained in water of temperature 

8B.57.1' F 

Aud we have Ihi- number of B. t. u. imparled j 

pound of water, between 280.3457 ' and 68.575" F. 



Each pound of saturated steam uf 54.53 lbs. per square inch 
pressure absolute, and therefore of 286.3457° F. temperature, 
tains, as we have Been, 1201.2755 B. t. u., and in condensing and 
cooling to 86.575° F., must give out, 1201.2755 - 86.62 
1114.6523 15. t. a., and 1114.6523 -f- 201.9653 = 5.5190, the ratio 
of the heating power of unit weight of steam to that of unit 
weight of water of this temperature. These two fluids, then, steam 
and water, are in this instance, mixed in snch proportions tint 
5.6094 pounds of the mixture give out, in cooling from 286.345"' 
to 86.575° F., 6168.9662 E. t. u. A few trials enable us to deter- 
mine that 98.365 per cent, of the 5.6094 pounds of the mixture, 
amounting to 5.5177 pounds, are steam, giving ont: 

TABLE XXTII. 



5.S177 x 1114.8523= . 
And that 100 - 98.3S.1 - 

to 0.0917 pounds, are 

X S01.9BS) = 

Making a total of 

Which is substantially equal to the heat in B. t. i 

gained by the water; 

= 315.2 h 28.8082= 




Calculations similar to the foregoing Applied to the data obtained 
by caloriinetric observations nt other times during the week, Jnlj 
11-16, as given in Table XXII. (1) to (14), give results which, 
with the one above given in detail, arc tabulated below. 
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TABLE XXIV. 



REDUCTION OP CALOR I METRIC OBSERVATIONS. 



(1) 





Day in July, 1881, when 

experiments were made, and 

hour and minute of 

beginning of experiment. 


PRESSURES : ATM08. ANI 


► STEAM. 


TEMFBBATUBE8. 




Barometer. 


Steam 


gauge. 






NO. 


Day of 
month. 


Part of 
day. 


H. M. 


Inches 
of mer- 
cury, 
cor- 
rected 
to 32° 
P. 


Preps- 

ure of 

atmos., 

lbs. per 

fq. in. 


Boiler 
press, 
above 
atmos., 
lbs. per 
sq. in. 


Boiler 
press, 
abso- 
lute, 
lbs. per 
sq. in. 


Of steam 
admitted to 
calorimeter 
and en- 
trained 
water, 
Degrees P. 


Of water 
condensed 

in calori- 
meter and 

entrained 

water, 
Degrees P. 


1 


2 


3 


4 


5 


6 


7 


8 





10 


1 


11 


A.M. 


11:48 


29.79 


14.63 


39.9 


54.53 


286.3456 


86.575 


2 


11 


P.M. 


2:20 


29.80 


14.64 


75.5 


90.14 


820.1485 


98.55 


3 


12 


A.M. 


9:5 


29.69 


14.58 


54.2 


68.78 


301.5881 


94.4 


4 


12 


P.M. 


8:15 


29.63 


14.55 


75.5 


90.05 


820.0781 


102.625 


5 


13 


A.M. 


9:35 


29.52 


14.50 


17.5 


32.00 


258.9520 


71. 


6 


13 


P.M. 


8:5 


29.45 


14.46 


41.3 


55.76 


287.7748 


86.4 


7 


13 


P.M. 


5:15 


29.42 


14.45 


50.7 


65.15 


297.9286 


87.575 


8 


14 


A. JHl. 


9:30 


29.45 


14.46 


49.1 


63.56 


810.5596 


77.65 


9 


14 


P.M. 


8:45 


29.48 


14.48 


86.6 


51.08 


282.1972 


93.075 


10 


14 


P.M. 


5:30 


29.51 


14.49 


65.0 


79.49 


811.4098 


86.2 


11 


15 


A.M. 


9:10 


29.66 


14.57 


67.8 


82.87 


313.8812 


88.425 


12 


15 


P.M. 


1:40 


29.63 


14.55 


75.0 


89.55 


819.6835 


91.8 


13 


15 


P.M. 


5:55 


29.59 


14.53 


24.9 


89.48 


266.2530 


104. 


14 


16 


A.M. 


11:5 


29.80 


14.39 


83.4 


47.79 


278.0217 


82.6 




MeaD 


s 




64.98 


296.4087 


89.3482 















TABLE XXIV— REDECTIOH OP CA 




-JaVaTIOSS.- 


-Continued. (!) 




UltlM Tit "JUL r 














ilurimw'MHTi 


TdUI B. V 0. .bHi 
imparrnl [n [hf 

urj°^ni. 


Contained m nne 

jviuihI t>f ..:■.: ml.. 

MM |MMMH 


"En [h.nihI nt 
■■Ml i "JUl.LIf 

•4 III |l MM 
dram of catori- 


Whirh would have 

> LiiJiK-iL. il riilfi. 

wnlpr iftiv firam 
Md I....... WHMd 


So. 


«"» 


'"■■» 


B. t. n. per lb. 


Pounds nv. 


TotalB.IO. 


' 


11 


18 


13 


» 


IE 


1 


1201.2765 


80.6333 


1114.0533 


'.mi 

5.0094 


6353 


5308 


3 


mi.sM 


98.6257 


1112. CG01 


817793 


9771 


(llffl 


3 


1305 bo»3 


94.4638 


1111.4454 


9.6JI03 
817168 


10TB9 


CB2T 


4 


1211.5637 


103.7139 


1108. 8508 


12! 7384 


14118 


3319 


i 


11B1.3882 


71.0310 


1120.3073 


.0807 
4.8437 
6.7983 


G436 


m 


6 


1201.7115 


86.4478 


1115.3637 


0.8864 


7093 


5351 


7 


1204. 8084 


87.0352 


1117.1832 


7.J445 


7981 


7154 


8 


1304.3103 


77.6818 


»»«* 


.135B 

7.7813 
8.6807 


8706 


3248 





1200.0100 


93.1303 


1100.8694 


B.6718 


10705 


4195 


10 


1208.9076 


86.2474 


1123.0603 


.OS 70 
8.7695 
B.3648 


10967 


- 


11 


1209.0584 


88.4789 


1121.1815 


9.4960 
9.7188 
.0*86 
B.7017 


10646 


7395 


12 


1311.4484 


91.8586 


1110.5848 


10929 


0503 










18.1838 






13 


1195.1463 


164.0920 


1091.0548 


12.6289 


13778 


S15G 


u 


1193.7373 


82.0103 


1116.0970 


.DISS 
7.9200 


8839 


4883 


Mean by "-•■i|_-lii:iji 

Mean by difierona 






8.7081 
8.7366 


















.0315 

8.00185 
.10625 


1 ~"~ 




8.76*10 
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TABLE XXIV.— Continued. 

BEDCCTIOH OF CALOEIMETKIC OBSEBVATIOSB. 





Welehtofwute 

iu ■ :il"ri]ii'.'r,-r 
n.l'idiru llici- 
llill t-. ( nivnl,-n 
of calorimeter 


calorimeter 
admitting 


lul'nodinonc 
j.. 
Hag steam. 


B. t. u. impartet 

■ 


Total heat galne 

l.vlticwal.T ill 

1-oliimii Hi hi 

belli" rained fran 

colnmn 10. 


Deficit or heat 

i. if.-T.'i'i '.''"•■! 

i-uhlimis 15 
and SO. 


Ho 


Lbs. av. 


Deg.F. 


B. t. D. 


B. t. u. 


Tntal B. t. n. 


B. t. Q. 


' 


16 


» 


» 


19 


ao 


n 


1 


315.2 


57.95 


57.9570 


36.6662 


6168.9662 


83.5644 


e 


218.6375 


54.1 


54.1051 


44.5206 


9644.8315 


126.1791 


a 


216.8375 


44.8875 


44.8835 


49.5743 


10739.6534 


60.0403 


4 


216.1375 


3S.45 


38.4505 


64.2624 


13889.5145 


228.8174 


i 


218.3875 


46.575 


46.5770 


24.4440 


5338.2641 


88.4185 


t 


317.075 


51.575 


51.5790 


34.8088 


7569.1448 


124 3903 


j 


217.825 


51.85 


51.3540 


86.3713 


7900.7741 


80.9413 


8 


217.2 


38 


38.0000 


39.6813 


8618.7784 


147.7464 


t 


315.1375 


48.625 


43.6266 


49.5096 


10651.3716 


54.0479 


10 


215.45 


35.475 


85.4750 


50.7724 


10938.8709 


28.9579 


11 


216.95 


40.05 


40.0510 


48.4259 


10505.0990 


140.7405 


13 


218.075 


41.95 


41 9510 


49.9076 


10883.5999 


45.4510 


13 


218.2625 


41.65 


41.6510 


62.4410 


13628.5288 


160.2868 


14 


217.825 


42.125 


42.1260 


40.5142 


8925.0056 


14.4826 




216.9143 


44.84 


Means 


Means 


01184. 5216 


98.1503 
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TABLE XXIV.— Continued. 

UEIKCTJON OF CALOUI 31 ETHIC OBBEItVATIOXH. 











-mMMj-n-ux. 






D%J In Joljr 1881, when Mpriimrntu 

wen nude, *nd hour ami rnimiit- uf U L ^in 

Iling qf riperinienu. 










i.jii.'.l lii 
rsi' 1 .-'"".^! 

■iiiuM.-Ill'- 


v. "'hiv, 

ktan ini- 
iiarled lo 

lilt- WUI.T it 

Nil- -Irani 
lirnj lw-n 

M 'd™. 


He.t re - 


Ratio of 




D»yof 


Pirtof 


Dnv of 

m. mill 


H. II. 


"ST 




an 


B. t. a. 


Fereent. 


»« 


1 


M 


M 


si 


■ 


as 


ft 


S3 


H 


1 


Monday 


A.*. 


11 


11:48 


0168. 07 


6303.53 


1.34 


1.87 


2 




P.M. 


11 


3:30 


0044.88 


6771.01 


1.30 


1.35 


3 


Tuesday 


A.M. 


13 


6:5 


10739.65 


10799.09 


.55 


.58 


4 




p 


M. 


13 


8:15 


13889.51 


14118.33 


1.62 


1.78 


5 


Wed'd«y 


A 


H. 


13 


9:35 


5338.30 


5426.73 


1.63 


1.67 


6 




P 


V. 


13 


3:5 


7569.14 


7503.54 


1.62 


1.07 


7 




P 


H. 


18 


5:15 


7900.77 


7981.73 


1.01 


1.05 


8 


Thured'y 


A 


K. 


14 


0:80 


8018.78 


8766.53 


1.68 


1.75 


9 




P 


U. 


14 


8:45 


[0651. tt 


10705.43 


.50 


.53 


10 




P 


H. 


14 


5:80 


111038. 87 


10967.83 


.36 


.38 


11 


Friday 


A 


>. 


IS 


0:10 


10500.00 


10646.74 


1.83 


1.38 


13 




P 


X. 


15 


1:40 


10883.00 


10929.05 


.43 


.44 


13 




P 


a. 


15 


5:55 


13BJ8.58 


18778.83 


1.09 


1.16 


14 


Sntunlay 
Mee 


* 


M. 


IS 


11; 


8835. (11 




.16 
1.04 


.17 




irat 
























possible roars of ebbob. 



A few words as to tlie possible limits of error in these observa- 
tions and results may be of interest. 



Mean weight of water, including 17.3 lbs. for rulo- 


lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 

lbs. 

lbs. 

lb. per Bq. in. 

Deg. F. 






flifi. (!",!> 














Dreatest possible error in separate weighing, say 




Greatest probable error in weight «f water in calo- 




3 re B test probable error it) pressure by B teain gauge 




Greatest probable error in tempo nit sues ; thtr- 
mometers graduated to tenths of a degree b' . . . 


0.1000 



In the following table, Table XXV., all the assumed errors are 
added to the mean in the left-hand column, headed "maximum" 
and subtracted in the right-hand column, headed " minimum," ex- 
cept in the third line, t t , (emperature of water, final. The differ- 
ence, or assumed error is here subtracted in the left-hand column, 
and added in the right-hand column, since this tends to magnify 
the error iu the final result. It will be noticed that the mean deficit 
of heat, per cent, in this table — last line but one of middle column, 
is 1.16;*, while in Table XXIV., it is 1.04$ — of course because the 
mean of the separate calculations ought not to agree with the re- 
sult of a calculation based on means of the observations. The wide 
variation from the mean — almost 40 per cent, each way — may 
occur in single observations, but are not probable, since errors are 
not unlikely to balance each other in some degree. In our case, 
with so many aB fourteen observations, the mean result seems 
entitled to some degree of confidence. 

If the assumed errors in the third line are transposed, and the 
maximum be put into the left-hand column, as in all the other 
cases, the variation in the final result almost disappears — the three 
numbers in the line next to the bottom — deficit of heat, per cent., 
become respectively 1.15, 1.16, 1.17. There is no constant ratio be- 
tween the figures in column 28, Table XXIV., and those in column 
29, the latter being affected by variations of final water tempera- 
ture (column 10) and steam pressure and temperature (columns 8 
and 9). 



113 TRIALS or A WiBJt- BLAST APPABATUS. 
TABLE XXV. 

LIMITS Or BBBOB IS CALORIMETBIC WOBK. 


TW number* bj all 


ULiXTnr. 


™». 


™. 






„ 




P, preesnre absolute. 


8 
B 
10 
11 
12 
13 

14 
IS 
16 
17 
18 
IB 
80 
91 
S8 
89 


Lbe.persq.in. 
Degrees F. 
Drgreea F. 

B. t. u. 

B. t. u. 

D. t. a. 

LI*. 
B. t. a. 
Lbs. 
Degrees F. 
B. t. u. 
B. t. u. 
B. t. ii. 
B. t. n. 
Per cent. 
Per cent. 


65.08 

207.8587 
80.2482 

1204.7868 
89.3017 

1115.4851 

8.7691 
9781.8004 
216.0443 
44.04 
44.9410 
44.3508 

0G23.eo:-8 

158.1046 
1.617 
1.688 


64.08 

297.T563 

80.3482 

1204.7558 

89.4018 

1115.3540 

8.66185 

.10635 

8.7681 

9770.5354 

216.0143 

44.84 

44.8417 

44.5601 

0665.7229 

113.8125 

1.164 

1.212 


64.88 
307.654(1 
















w, weight of steam 


8.7871 




216.8543 






8B.B017-44.0419, etc 


44.7606 


















Continuous analysis of flue gases, — It would bo out of place 
hum Id uttonipt 11 full description of the process of analysis pursued 
wllh tlii! gitM'iiun products of combustion, drawn from the descend- 
ing imoku-flue ni»r the blower. Such a description would seem to 
a oliomiit Impertinent, and to others than chemists, pedantic. In 
IiiiiI, ii wu ili«' gravimetric process, and was conducted as follows: 

Hiiui|i|ii« uf oonildornble volume were obtained through the 
tnUliui-liox shown in Fig. 1,6, two of which were set in the flue, 



one over the other, one foot apart, with the pipes disposed differ- 
ently, so as to bring long pipes over short ones, next to the longest 
over next to the shortest, and only the ends of the central pipe of 
each group of five over the ends of the corresponding pipes below 
them ; by which arrangement samples from the two boxes proved, 




D, Mixing chamber. 
!, Disch urge-pipe lending tu aspirator. 

by their agreement, that they truly represented the heterogeneous 
assemblage of unmixed gases passing through the flue. The greater 
part of the samples so drawn off by the aspirator was permitted to 
go to waste ; but a small stream was drawn out into a jar filled 
with glycerine, which flowed out in drops in regulated quantity, 
to be constantly replaced by the sample of gases. The small 
stream of gases so drawn off was divided, part going to each one 
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of two exactly similar sets of Geissler bulbs, first, bowever, 
passing through a bulbous tube, Fig. 18, which will arrest any 
liquid water condensed from vapor in the gases, and then tli rough 
the U tnhe, also seen in the figure, which is filled with calcium 
chloride, and will (if kept at a low temperature, by surrounding it 
with crushed ice) take up all moisture, and leave the fixed gases 
completely dry. The dry gases next pass on to and through the 
group of three Geissler bulbs, each one filled about three-fourths 
full of hydrate of potash, *'. e., a saturated solution of caustic 
potash. At eiich drop of liquid, a small bubble of the mixed gases 
passes down through a central tube nearly to the bottom of the firet 
bulb, and rises as a bubble through the hydrate of putaeh, to the 
space above the surface of the liquid, dismissing, simultaneously, a 
similar bubble at the bottom of the second bulb, winch in turn, and 
simultaneously, dismisses a third bubble into the last bulb, mid 
liberates a similar bubble to pass to and slowly through the second 
straight, horizontal, bulbous tube, seen at the left-hand of the Geiss- 
ler bnlbs in Fig. 18. This bulbous tube is tilled with dry caus- 
tic potash, which absorbs all moisture which may have been taken 
up by the dry gases in their passage through the hydrate of potash, 
so that the latter suffers no loss of weight — this bulbous tube and 
the set of Geissler bulbs being weighed together, as seen in Fig. 
17. The carbon dioxide (CO s ) contained in the mixed gases is 
taken np by the hydrate of potash, rapidly by that in the first bulb, 
which soon presents a nacreous appearance, more slowly by the 
second, which gradually becomes opalescent, and still more slowly 
by the third, which is very slightly affected, as nearly all the CO g 
is absorbed in the first and second bulbs. 

Some water is taken up by the dry gases, and possibly a little 
CO g along with it; but the dry caustic potash arrests both. The 
gases, deprived of their moisture and of their carbon dioxide, pass 
on to the left, to and through a glass tube about 0.6 inch in diameter 
and 20 inches long, seen about the middle of Fig. 18, extending 
through a small gas furnace. 

This tube has two porous plugs of fibrous asbestos, about six 
inches apart, near the middle of its length, and the space between 
these plugs is filled with copper scale (oxide of copper), which is 
kept at a low red heat by the gas furnace. The gases, which, it 
will be remembered, now consist solely of oxygen, nitrogen and car- 
bon monoxide (O, N, and CO), are changed, in passing through the 
hot copper scale, by the complete oxidation of the carbon in the 
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CO, and tlio conversion of the CO and additional oxygen into C0 2 . 
It is not easy — lor a layman — to see just what, office the copper scale 
performs that would not be as well performed by sand, or bits of 
fire-brick, since there is always an abundant supply of oxygen present 
in the surplus air. But the copper oxide would supply oxygen if 
there were none other present, and may act in some unexplained 
manner to promote oxidation of the CO. It is also possible that 
the dissociation of copper and oxygen offers less resistance than the 
mere mechanical obstruction of the nitrogen and carbon dioxide, 
after the free oxygen in the flue gases has been reduced as low as 
10 per cent. Some experiments cited by Angus Smith in Air and 
Jiain, make this seem probable. An analogy is found in the case 
of iron, which burns eagerly in pure oxygen, but is rendered incom- 
bustible in common air, containing 21 per cent, of oxygen, by the 
mechanical obstruction of the 7'J per cent, of nitrogen. However 
this may be, the carbon which enters the tube as carbon monoxide 
(CO), leaves it as carbon dioxide (CO;). Passing on through a 
second set of potash bulbs, supplemented as before with a dry 
potash tube, this CO a is all absorbed, and the residuary gases, oxy- 
gen and nitrogen, are received in a bottle over water (or glycerine), 
and stored for measurement. 

This measurement is readily effected by weighing the liquid 
drawn off to make room for the gases. The weight and tempera- 
ture of this liquid (and its specific gravity, also, if other than water) 
being ascertained, its volume becomes known; tiie tension of the 
gases is made equal to that of the atmosphere, which is ascertained 
by the barometer; and their temperature being also noted, their 
weight becomes known. Prom the weight of these residuary 
gases, and that of the carbon dioxide and the carbon monoxidesep- 
arated from them, the weight of the original, dry, composite, or 
mixed gases is readily deducible. The absolute weight of the car- 
bon dioxide obtained, is found by directly weighing the potash 
bulbs and tube, as seen attached to the scale-beam in Pig. 17, before 
and after the experiment. The difference is the weight of the C0 3 
taken up by the potash, of which ft is carbon and ft- oxygen. 

The weight of the carbon monoxide is ascertained, indirectly, in a 
similar manner. The difference in weight before and after tiie ex- 
periment is again CO s , of which all the carbon, ft, and one-half 
the oxygen, -ft, arc derived from the pases in the form of CO, and 
the remaining ^j, oxygen, derived from the free oxygen in the 
surplus air, or from the copper oxide. 
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Sulphur, in burning, forme chiefly sulphurous acid (SO.), and 
a email quantity of sulphuric acid (HjO + SO s = H ( SO t ), both 
of which are taken up by the water. A small quantity of CO, is 
also absorbed by the water, but thU soon beeomea saturated with 
CO,, while it will continue to absorb sulphuric aeidand sulphurous 
acid for some time. It is better, however, to nee glyceriue. 

The quantity of HjSO^ is so small as to render its accurate de- 
termination difficult in the flue gases, diluted ae these are with air. 
The considerably increase in the quantity of ammouia found in the 
gases of llie warm-blast boiler, makes it probable that all the sul- 
phuric acid exists as a sulphate, mainly sulphate of ammonia. 

Carbonate of am monia was also produced in the warm-blast boiler 
in considerable quantities, coating all the smoke passages as white 
as the holt-trough of a flouring mill. 

It is chiefly for the determination of the quantity of carbon diox- 
ide, of carbon monoxide and of surplus air, that analysis of the gas- 
eous products of combustion is desirable, and for those purposes it is 
invaluable. 

In addition to the continuous analysis, carried along ail day and 
all night, in duplicate, for greater assurance of accuracy, samples of 
the gases drawn off at the same time were stored in bottles properly 
labeled, for subsequent repetition of the analysis in case verification 
appeared to be desirable. Such samples should be stored over gly- 
cerine, on account of the absorption of CO, by water; and on the 
same account the glycerine should be aa nearly as possible anhy- 
drous. 

A very small steam or electric pump, with a plunger about 0.25 
inch diameter, and stroke 0.5, or 0.75 inches, driven at such speed 
as to give about one bubble of gas per second at each set of Geiss- 
ler bulbs, may be conveniently substituted for a siphon, to regulate 
the flow of the gases ; and a short bit of broken thermometer tube, 
of small caliber, inserted in the line of flexible tube, helps to give a 
more uniform flow. 

It is better to use Geissler bulbs of large size, and to deal with as 
large quantities of gas as can be conveniently managed ; and on this 
account the balance — which cannot be too nice — should be of large 
size, adapted to weigh, without undue strain, 200 grammes, nearly 
3,100 grains, say 7 oz. avoirdupois. With these precautions, proper 
care, adequate skill and perfect integrity, duplicate and repeated 
analyses will be found to agree very closely. Differences will a 
pear, under tiie high magnifying power of decimals of one j 
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cent., bat these differences will usually be very small. Such quan- 
tities as 0.12, or 0.08 of one per cent. (.0012, or .0008), appear small ; 
but when they are found repeating themselves under like conditions, 
the results appear to be entitled to much confidence. Subsequent 
experience, indeed, has led Mr. Prentiss to the opinion that neglect 
to surround the calcium chloride tube with crushed ice may have 
permitted a little vapor of water to pass with the imperfectly desic- 
cated gases into the potash bulbs, and so to increase very slightly the 
small quantity of CO. Reference has already been made to persistent 
attempts to produce carbon monoxide in quantities unusually large 




Pig. IB. 



and fo special analyses of the chimney gases during short periods, at 
regular intervals, under certain conditions of the fire, to determine 
the quantity of CO so produced. Such experiments were made dur- 
ing the entire working day, September 1, 1881. A succinct state- 
ment of the results of these experiments will be found in Table 
XXVI., and all the figures of this table, except those in columns 3 and 
4, are graphically represented on the diagram, Figure 19. Both table 
and diagram, are so plain as to require litllo explanation. They 
will be readily understood by any one who will give them a few 
minutes careful attention. Beginning at the lower left-hand cor- 
ner of the diagram, it will he seen that a charge of 200 pounds of 
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pounds was again thrown on tlieflre; and again at 2:45, 3:45, and 4:45 
at intervals, respectively, of 2 hours, 1 hour and 1 hour. Thns, the 
firing was, for 5 hours 15 minutes, up to 11:15 a.m., at the uniform 
rate of 400 pounds per hour, equal to 16 pounds per square foot of 
fire-grate per hour; and after 11:15 a.m., it was at the mean rate of 
145.45 pounds per hour, equal to 5.82 pounds per square foot of 
fire-grate per hour — only 36 per cent as much. 

Beginning at 9 a.m., samples of gas were obtained and analyzed 
half-hourly, except at the hours of 12 m., and 1 and 2 p.m., when 
there was, in each case, an intervalof an hour. The half-hourly sam- 
ples were taken during the whole preceding half hour, and the hourly 
samples during the whole preceding hour, so that the whole day from 
half-past eight is covered by the analyses of the gases. The ratio, 
per cent, of CO B and of CO to the total quantity of dry flue gases, 
is given in columns 3 and 4 of Table XXVI., but these figures are 
not represented on the diagram, Fig. 19. 

In column 5 of the table, represented by line EF of the diagram, 
the proportion of coal burned to CO is given as a per centum of all 
the carbon in the coal. During 2 hours and 30 minutes, 9:00 to 
11:30 a.m., the moan is 46.64 per cent., showing that only 53.36 per 
cent, was completely burned to CO E . The number of pounds of 
atmospheric air found in the flue gases for each pound of coal con- 
sumed, given in column 6 of the table, and represented by line IJ 
of the diagram, was rather small, and nearly uniform ; the mean 
for 8 hours being 21.65 pounds, and for 7 hours, after 10:00 a.m., 
only 20.36 pounds. The ratio of heat lost by CO to the full heat- / 
ing power of the coal is given in column 8 of the table, and is> 
represented by line GH of the diagram. 

This loss is obviously less than the whole quantity of CO pro-', 
duced, because some heat is evolved iu burning carbon to CO. 

While carbon burned to CO s produces, per pound, 14,544 Brit- / 
ish thermal units, the same quantity burned to CO produces but j 
4,451 of the same heat units. The loss (= 14544 - 4451 = 10093 | 
British thermal units) is about 69.39 per cent, and the numbers in 
column 8 would be 69.39 per cent, of those opposite in column 5, if 
carbon were the only combustible in the coal, as it is in coke. But 
there is, in fact, an appreciable quantity of hydrogen in this coal, 
probably united with carbon as some one or more of the hydrocar- 
bons, useful as fuel, and this hydrogen losesnothing in consequence 
of the formation of CO ; and the effect of this circumstance is to 
reduce the ratio of the loss by CO to about 63.5 per cent 



Tilt- lueses to be accounted for, to beguarded against, and lobe re- 
duced to a minimum, in the combustion iif coal in the furnaces of 
steam boilers (aside from external radiation from boiler and brick- 
work), are all embraced as classified under the five beads, B, C. J), 
£"and F, \a the following list. 

A ^= Pounds off flue gases per pound of coal. 

A — a = Pounds of atmospheric air per pound of coal. 

B = Heat carried off by Hue gases (exclusive of vapor contained 
in these gases). 

C = Heat lost by water in the coal. 

D = Heat lost by vapor in the air. 

E = Heat lost by €0 in the flue gases. 

F= Heat lost by hydrogen in the flue gases. 

a = Number of pounds of carbon in 100 pounds of coal, 

b = Number of pounds of hydrogen in 100 pounds of coal, 

a = N amber of pounds of water in 100 pounds of coal. 

d = Number of pounds of ash in 100 pounds of coal. 

6 = Number of pounds of CO, in 100 pounds of flue gases. 

f = Nnmlier of pounds of CO in 100 pounds of flue gates. 

g = Number of pounds of hydrogen in 100 pounds of flue- 
gases. 

h ~ Proportion of vapor in atmospheric air. 

k = Number of British thermal units developed by 1 pound of 
coal perfectly burned; ascertained by analysis. 

n = Temperature of external air; degrees F. 

p = Temperature of escaping gases ; in smoke-box, with natural 
draft, or in blower, with the warm-blast apparatns. 

To compute the nv?nlri- of pounds of dry flue gases, per pound 
comumed : 



.27273^ + .42857/ 

That is [—Divide the number of pounds of carbon found by an- 
alysis in 100 pounds of coal (a), by the sum of ^ = .27273 of the 
COg, and ^ = .42857 of the CO, found by analysis in the flue gases. 
The quotient will be the number of pounds of dry flue gases per 
pouud of coal consumed. 

EXAMPLE. 

We find, for instance, that during the week I, ending May 20, 
the mean number of pounds of CO ( in 100 pounds of flue 



Wi 

1882, 
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gases (days), was 12.27; and of CO, 0.18 pounds; and that the 
number of pounds of carbon in 100 pounds of coal was 82.92. 

Then, 3 * I 2 - 27 - 3.342727 



and 



and 



iJl™ = 0077148 

,27273<> + .42857/= 3.419870 

82-92 _ _ 

3.41987 - 24 ' 2 " A 



A - a = 24.2 - .8292 = 23.37 = the number of pounds of 
atmospheric air in flue gases per pound of coal consumed. 

To find the heat carried off by the fiue gases (exclusive of vapor 
contained in these gases), in terms of the full heat'iig power of the 
coal. 

,. -*"*»»-) (2) 

That is, multiply the number of pounds of flue gases per pound 
of coal consumed, by .238. which is the mean specific heat of the 
mixed flue gases; and this product by the difference in tempera- 
ture in degrees Fahrenheit between the external air and the escap- 
ing ibises — at the smoke-box, with natural draft, or, at the blower, 
with the warm-blast apparatus; and divide this second product by 
the number of British thermal units expressing the full heating 
power of the coal. 



= 115° ; h = 13139. 
= .0504 = B = 5.04£. 
n terms of the full heat- 



A = 24.2 ; p = 164° ; n 


= 49° 


p — i 


Then : - — '■ 


.238 
13189 


x 11 ■> 


To find the heat lost by water in the coal, 
'iiij power of the coal. 


(c + 9i) x (107G 


— n + 


■4Sp) 



iooi 



(8) 



That is, to the number of pounds of water in 100 pounds of coal, 
add 9 times the number of pounds of hydrogen in 100 pounds of 
coal, and multiply the sum by the number 1076 diminished by the 
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number of degrees F. expressing the temperature of the extern! 
;iir, and iaorcanod by 0.48 times the number of degrees F. expressing 
the temper* tore of the escaping flue gases — at the smoke-bos, with 
natural draft, or at the blower, with the warm-blast apparatus; and 
divide the product by 100 timet the number of British thermal 
unite expressing the full heating power of the coal. 

The quotient will be the lose by water in the coal, the quantity 
KHght 



Let c = 2.39 ; b - 1.80 ; n = 49° F. ; p = 164° ; 0.48 = spe 
eific heat of steam; ,48/> = 79, and lOOi = 1313900. Then: 

c _ [2.39 + (9 x 1.80)] = 18.59 x (1076 - 49 + 79 = 1106) _ 



To find the loss of heat In/ vapor in the air, in terms of the J 
heating power of the coat expressed in British thermal units: 



, _ (* ~ tSt) 



,!*(/<- ;,) 



(*) 



That is, from the number of pounds of flue gases per pound d 
coal consumed, uibtract one one-hundredth part of the number of 
pounds of carbon in 100 pounds of coal ; and multiply this differ- 
ence by the proportion of vapor in the air as ascertained by the 
hygrometer, and by 0.48 times the difference between the number 
of degrees F. expressing the temperature of the escaping flue gases 
(at smoke-box, or blower, as the case may be), and the number of 
degrees F. expressing the temperature of the external air; then 
divide the continued product by the number of British thermal units 
expressing the full heating power of the coal. The quotient w 
be the loss of heat by vapor in the air, in terms of the full heating 
power of the coal. 



EXAMPLE. 



Let A = 24.2; a = 82.92 .-. , 
i = 49°,^ - A = 115° F. and 

j) - (24.2 - .8292) x .0 18 x .48 x 115 





.8292; A = L80jf ; .p = 1«4°- 

13139. Then : 
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To find the heat lost by carbon monoxide in the flue gases, in 
terms of the full heating power of the coal expressed in British 
thermal units. 

f/ x 101a .42857/ x 101a ,. 

1 (tV + */) *~t ~ (-27273e + .42857/*) x k' ' ' W 
lat is, multiply three- sevenths (f = .42857) of the number of 
pounds of CO found by analysis in 100 pounds of flue gases, by 
101* times the number of pounds of carbon found by analysis in 
100 pounds of coal ; and divide this product by the continued 
product of the number of British thermal units expressing the full 
heating power of the coal, multiplied by three-elevenths of the 
CO g and by three-sevenths of the CO, in pounds found by analysis 
in 100 pounds of flue gases. The quotient will be the loss of heat 
caused by the CO in the flue gases, in terms of the full heating 

■wer of the coal expressed in British thermal units. 



1'0 



Let/ = O.I80 ; « = 82.92£ ; « = 12.2T*, and t = 13139. Then : 

ff x .1 8) x (82.92 x 101) _ 

■" ~ [(ft x 12.27) + Q x .18)] x 13139 " •""* " ' % 

To find the heat lost hy hydrogen in the fine gases, in terms of the 
full heating power oftlis coal, expressed in British thermal units. 



(6) 



" " 

That is, multiply the number of pounds of flue gases per pound 
of coal consumed by the number of pounds of hydrogen found by 
analysis in 100 pounds of flue gases, and by b'20.32 ( = one one- 
hundredth part of the number of B. t, u. expressing the full heating 
power of one pound of hydrogen); and divide the product by the 
number of British thermal units expressing the full heating power 
of one pound of the coal as determined by analysis. The quotient 
will be the loss by unburned hydrogen in the flue gases, in terms 
of the full heating power of the coal, expressed in British thermal 
units. 



•101, put f 



put (or ™- = 100.03 : tlie sum 10093 being 14544 - 4451. see p. 131. 



F = 



I '. A'.il'l.l-. 

; { - 13139. Then, 
12 x x 620.32 _ 
1313U 



No hydrogen lias ever beeu detected in the flue gases, and il 
teems little likely tliat any ever escapes from the furnace unburned. 
Some hydrocarbons, iu natural gas, deposit a portion of tlieir chv- 
lx>n in a solid mass behind the bridge wall, especially inntnxlnml 
into the furnace at too high a temperature ; but it is probable that 
all the free hydrogen present, aud all which is combined with car- 
bon, that is, all that is not already burned to water, is so burned in 
any furnace fire. If, however, any hydrogen should ever be found 
in the flue gases, its quantity inserted in place of in the above 
example, will bring out the resulting loss of heat. The sum of the 
losses B, C, D and £, is as follows : 

B, Iobb of Iteut carried off Ijy tlie dry flue gases 5.04 

C, loss of heat by water in coal 1.55 

D, loss of heat by vapor in the air 018 

E, loss of heat by carbon monoxide 1.44 

Total losses at th« chimney, per cent 8.21 

Add 1o this the loss by radiation from boiler and brick- work ; a 
quantity varying with the temperature of the external air and 
with the conditions of each case, but in thlB case 4.00 



'fowl earn or losses, per cent. , 
Efficiency of boiler, per cent . . 



. .12 31 



Various small savings can be made in ways already pointed out, 
which, in the aggregate, may be brought up to the 2.21 percent, re- 
quired in order to make the net efficiency 90 per cent. There is still 
five percent, of the heat carried off by the flue gases at the moderate 
temperature of 104° F., only 115° l'\ above the temperature of the 
external air. 

Part of this may sometimes be saved by warming water after 
the gases leave the abstractor, and possibly a little may be saved 
by improvements in the abstractor itself. 

But according to present appearances 90 per cent, is about the 
maximum efficiency attainable by the best possible boiler witli 
warm-blast apparatus, and thai should be steadily aimed at and 
pretty nearly attained. 

Asiies anji Residue, — All ashes and residue withdrawn from 
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the furnace and ash-pit during each weekly experiment were kept 
together under cover, until the fire was drawn at the end of the 
week's work, at midday on Saturday. The fire wae allowed to 
burn pretty low on Saturday: still, as steam was kept up, there 
was some partially burned coal on the grates when the fire was 
drawn, and some water was used to quench this coal ; but only 
enough to cool it by evaporation below the point of ignition, so 
that the ashes and residue, when cold, might be considered to be 
as dry as the hygrometric state of the air would permit. After 
division, as has been already said, into five grades, namely («), 
unburned coal {a small quantity) ; (/>), clinker, partly vitreous; (c), 
coarse residue, which would not pass through a screen with hexag- 
onal meshes five-eighths of an inch in short diameter; {(/), finer 
residue, passing through said hexagonal meshes, but not passing 
through a screen with three inesheB to an inch each way ; and (e), 
ashes which passed through said screen ; each grade was weigl 
by itself, kept separate, and sampled for 
analysis. The first grade (a) was pulver- 
ized and sampled in the same manner as 
the week's coal. The second grade (J), 
clinker, was sampled, by taking a part 
of almost every lump, making as fair a 
selection as possible. This grade, which 
sometimes reached 500 pounds in a week 
— more than one-fifth of the whole quan- 
tity of ashes and residue — was nearly 
barren of carbon, while the first grade, 
although small in quantity, was little in- 
ferior in carbon to fresh coal. 

The third grade (<i), the fourth grade 
(if), and the fifth grade (r), were sampled 
by passing them twice in succession 
through an ore-sampler, shown in Fig. 
20. Placed in the conical hopper A, howhwtai. motwh 

they passed though its open end («), con- s°m B ples m o p f*shes%d residue. 
centrically upon the apex of the right cone Fra - 20 - 

J', which distributed them evenly on all sides in a sheet, growing 
gradually thinner toward its base, near which were placed four 
tubes, one inch in inside diameter, equidistant in ,i circle forty 
inches in circumference, so that each tube was equal in diameter 
to one- tenth of the quadrant in which it was set. 
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Of each tube, the Bide facing the center of the cone and above 
ita surface, was out away so as to present an open mouth, one tad] 
wide, towards the descending sheet of ashes or Binders, one-tenth 
of which they received and conducted into the quadrant-shaped 
cups heneath them in the hase of the sampler. 

When these cups were full, or when all the ashes or cinders of 
any grade had been passed through the sampler, the eups were 
taken out, emptied, and replaced in position ; and their contents 
were again passed through the sampler. By this process, supple- 
mented by a small correction (found by weighing the whole quan- 
tity, and the quantity delivered each time iuto the eups), for any 
variation in the actnal dimensions of the sampler from the exact 
one-tenth contemplated, a known proportion, about one one-hnn- 
dreth part of each grade of ash aud cinders was obtained, of pre- 
sumably average quality. Each sample so obtained was then pul- 
verized, and a smaller sample obtained by subdivision in the man- 
ner usual in treating ores, was finally bottled, labeled, and put aside 
for analysis in its turn. The fifth grade (e) was, alter sampling, 
again subdivided by passing its finer portion through a sieve oi 
brass wire-cloth of forty meshes to an inch each way. The portion 
which passed through this sieve, which was much the larger por- 
tion, was almost wholly incombustible ash — only about 5 per s 
of it being carbon, while the portion remaining on the sieve 
although small in quantity, was almost wholly pure coal, appa- 
rently resulting from decrepitation. The weight of each grade 
being known, and the proportion of carbon in each being ascer 
tained by analysis, it of course follows that the total quantity o 
carbon in ashes and residue becomes known. 

It is probably a safe assumption that no combustible save carbon 
remains, since volatile hydrocarbons must be either burned to 
CO, and water, or driven off by the heat of the fire. 

Results finally obtained tn the manner above described may be 
checked by a method much easier, and little less accurate, even in 
theory, while its simplicity eliminates an accumulation of errors o 
observation, and makes it, in practice, quite as accurate. 

This second method is as follows : 

The analysis of the coal thrown on the fire-grates during the 
week gives the proportion of ash it contains, and this proportion 
applied to the weight of the coal consumed during the week, after 
deducting the weight of the an burned coal picked out of the ashes 
and residue [grade («)], gives the quantity of " ash " proper, in the 
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week's ashes, cinders, and clinkers of fill grades (?>), (/■), (d), and (e). 
It follows that the excess of the combined weight of ashes and resi- 
due of these four grades, over the weight of ash as determined by 
analysis of the coal, is equal, or nearly equal to the quantity of car- 
bon contained in the ashes and residue of these four grades. It 
would he exactly equal if all the un burned coal could be picked 
out; but this can hardly ever be the case, since no inconsiderable 
quantity goes through the grates in particles too tine to be picked 
out, and can be segregated only by subdividing grade (e), after pul- 
verization, hy means of a fine sieve, as above described. In treat- 
ing a coal which decrepitates very badly, it may be necessary to 
sample and analyze the ashes and residue, as herein described. 
Such is the Rhode Island coal, large lumps of which sometimes 
crumble to fine black sand and sift through a thick fire to the ash- 
pit, with startling suddenness, without becoming too hot to be held 
in the hand. But in the use of most, perhaps all, of the Pennsyl- 
vania anthracites, the second and simpler mode of procedure I have 
described will be found sufficiently accurate; and this was the 
method pursued in the later portion of our work. 

Botler Pressure bt Steam Gadge. — One of Edson's Pressure 
Recording Gauges was connected with the boiler, and kept in op- 
eration throughout the whole duration of the trials. A set of the 
diagrams from this gauge running through the days and nights of 
the week ending July 23, 1881 (week B), is given in Fig. 21a, 
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K c i di e f "'"Jy". rednced by photography to two-thirds of tiie size 
of the diagrams. The upper diagram on each set exhibits tlie 
pressures during the day— a.m. to 6 p.m., escept on Saturday, 
when the day closed at 12 si. They show very clearly the ex- 
tremely unequal demand for steam, but very inadequately, fortwu 
reasons \—jirgt, because the tire was urged and evaporation was ac- 
celerated whenever steam pressure was rapidly drawn down, andin 
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some degree cheeked when it rose ; and xecond, on account of tlie 
smaller scale on which thin gauge records pressures in the upper 
portion of its register, the 10 lbs., 70 to 80, occupying only half as 
much space as the lower 10 His., above 0. The effect of this is to 
mask the irregularities, in some degree, making them appear ranch 
less than if the scale were uniform throughout. 

The Edson gauge is excellent for the purpose of recording the 
general state of the pressure ; but its indications are not sufficient! j 
accurate for numerical calculation, if for no other reason, on ac- 
count of the small scale on which it works. 
. It was therefore necessary to take readings of an accurate press- 
ure gauge at stated intervals, as accurately spaced in time as pos- 
sible. 

Such readings were taken every quarter of an hour during the 
day, and part of the time by night also; but the greater uniform- 
ity at night led us, soon, to take readings at the hours and halt 
hours only. The gauge was a ten-inch Bourdon test gauge, made 
by the American Steam Gauge Company, which had never before 
been used except for comparison with other gauges. It had bet 
compared many times with a mercury column, with which it 
agreed quite closely, and had not been used after having been e 
tested, until it was used in these experiments. 

It was connected with the boiler by a branch pipe from the pipe 
leading to the Edson gauge, and as tlie pressure was shut off from 
the test gauge except when a reading whs to be taken for record, 
a slight reduction of pressure took place at the Edson gauge when- 
ever the stop-cock of the test gauge was opened, producing by the 
downward motion of the marking pencil, and a little recoil on its 
rising at the close, a short mark crossing the trace of the Edson re- 
cording gauge, which indicates the moment of the reading, and the 
point in the trace with which the reading is to be compared. A 
mean was taken of the readings of the test gauge for each day, and 
for each night, and a general mean for each week, of tlie days and 
also of the nights. It will he observed that the diagrams, Eig. 180 
o, b, etc., are reversed in direction from the original diagrams, 
which read from right to left. This is merely for convenience of 
reading in the ordinary manner, from left to right. I have not 
thought it worth while to reproduce here these diagrams for more 
than a single week, since these fairly represent them all in general 
character. 
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Capacity of Boiler at various heights of wateb line and at 
various pressures. — A scale, graduated to inches and tenths of an 
inch, was attached to each glass water gauge in such a manner that 
the surface of the water in the glass tube could he readily referred 
to it, and readings of this gauge were recorded every quarter of an 
hour. It was practically impossible to maintain a uniform water 
level, and it was found to be inconvenient to bring the water at 
the close of an experiment, at noon on Saturday, to agree exactly 
with that at starting, on Monday morning. It was therefore neces- 
sary to ascertain the true difference in quantity due to any observed 
difference in height of surface; and convenience required that this 
should be ascertainable by inspection of a table. The subjoined 
table, Table XXVII., was therefore constructed, showing the ca- 
pacity of the boiler expressed in pounds avoirdupois of water at 
the zero of the scale, and at each inch of height above that zero, 
with differences for ascertaining by interpolation the quantity for 
parte of inches. The height, in inches of the water surface above 
the zero of the scale, is given in the left-hand column of the table, 
which is in two parts. But the weight of a given volume of water 
varies with its temperature, which corresponds with the absolute 
steam pressure. The table is, therefore, computed for 17 different 
pressures, from — one atmosphere = 14.7 pounds per square inch 
absolute, up to 80 pounds steam-gauge pressure = 94.7 pounds ab- 
solute, at intervals of 5 pounds, as indicated by the figures at the 
head of the columns, which are steam-gauge pressures; with col- 
nms of differences for ascertaining by interpolation the quantity of 
water at intermediate pressures. The zero of the scale is near the 
lower end of the tube, and about 3.08 inches above the top of the 
upper row of flues, and 9.33 inches above the center of the shell. 

EXAMPLE OF THE USB OF TUE TABLE. 

In the experiment for the week ending M;iy 20, 1882, at 6 h. 
32 in. A.M. on Monday, May 15, the reading at the scale of the glass 
water gauge was 5.3 inches; pressure of steam by steam gauge, 15 
pounds. At 12 m. on Saturday, May 20, water stood at 3.0 inches, 
steam at 50 pounds. 
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boiler 13,5461bs. 

Difference for 1 inch = -134 lbs. 

Anil 424 x .3 = 127 lbs. 

Pounds of water at starting 13,673 lbs. 

The column headed 50. opposite the height 3 inches, 

water in boiler 12,404 lbs. 

Number sf pounds less at the er.d of the experiment than 

at it±s beginning 1,260 lbs. 

Number or' |mutn!s l>d iiih. tin- tuili.T during tliu experi- 
ment 156,214 lbs. 



Gince the two boilers are alike, this tabic applies equally well to 
both. 

Radiation from Bkick-work. — An attempt was made to meas- 
ure the quantity of heat lost by radiation from the brick-work, 
which, although unsatisfactory, yet seems to possess some interest, 
and will be briefly noticed. 

The Apparatus. — Two tin-plate vessels were provided, each 
twelve inches square and one inch thick, closed on all sides. On 
one side, near the corners, there were two rings by which the ves 
sels could be hong up upon nails driven into the brick-work. Ii 
the upper edge, when so suspended, there was a tubular orifice 
about 0,75 inch in diameter, slightly tapering, for convenient in 
sertion of a cork. Through the cork two small glass tubes were 
inserted ; one, for inflowing water, extending down inside nearly to 
tho bottom of the vessel ; the other, for outflowing water, extend- 
ing but slightly through the cork. 

Each of these tubes, near the entrance through the cork i 
the vessel, was provided with a suitable enlargement, Iwnd i 
orifice for convenient insertion of a thermometer, to show the tem- 
perature of inflowing and outflowing water. Water was supplied 
from a bucket suspended in an elevated position, and received in a 
bucket on the floor, surrounded by ice, to reduce loss of weigl 
evaporation. The edges and the back of the vessels were protectee 
from loss of heat by radiation, at least in some degree, by a hood o 
cotton flannel filled with eider down; and the edges of this hot 
were drawn slightly over the naked side next the brick-work, 1 
gathering-string, to cut off circulating air currents which n 
carry off heat by convection. Finally, the naked side v 
thickly with dry lampblack, for the better absorption of radiant lief 
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The method of using this simple apparatus consisted of noting 
at frequent and regular intervals the temperature of the inflowing 
and outflowing water, and in ascertaining the quantity of water 
flowing through each vessel in a known interval of time. 

Trial of the Apparatus. — On the 10th of August, 1881, both 
these radiometers were placed, side by side, on the 6moke-box cover 
of the Pacific Boiler — marked, for distinction No. 1 and No. 2 — 
and streams of water, supposed to be nearly alike, were set to flow 
through them. A first experiment of one hour, 8 h. 45 m. to 9 h. 45 m. 
a.m., was immediately followed by a second, of 3 h. 30 m. — 10 h. m. 
a.m. to 1 h. 30 m. p.m. Observations of temperatures were noted 
every 15 minutes. The water was weighed at the close of each ex- 
periment. The results are given in Tables XXVIII. and XXIX. 

The line marked "B. t. u., total," is obtained by multiplying the 
number of British thermal units corresponding to the increase of 
temperature, by the number of pounds of water to which such 
quantity of heat was imparted, in each case. 

TABLE XXVIH. 

RADIATION : EXPERIMENT NO. 1. 



RADIOMETER NO. 1. 


RADIOMETER NO. 2. 


Water heated 
Mean t % initia 
Mean t, final . 
Mean increase 


,lbs 

1 


8.797 
78.16° 
95.40° 
17.24° 


Water heater 
Mean t, initii 
Mean t t final 


I, lbs 

il 


15.563 

77.32° 






93.10° 


% deg 




15.78° 




TEMPERATURE OF WATER. 


TIME. 


TEMPERATURE OP WATER. 


TIME. 


Initial. 
Degrees F. 


Final. 
Degrees F. 


Initial. 
Degrees F. 


Final. 
Degrees F. 


8:45 

9 

9:15 

9:30 

9:45 


76.8° 

77.4° 
78.0° 
78.7° 
79.9° 


98. 8 C 
92.3° 
97.9° 
93.0° 
95.0° 


8:45 

9 

9:15 

9:30 

9:45 

D. t. U . . • . • 

B. t. u., incr 


76.5° 
76.3° 
76.9° 
77.0° 
79.9° 


91.0° 
93.8° 
93.0° 
92.0° 
95.7° 


d» u. n . . • • . . 
B t u.. incre 


78.16° 
78.1923 
ase 


95.4° 
95.4642 
17.2719 
151.9409 


77.32° 
77.3506 


93.10° 
93.1612 
15.8106 


B. t. u., total, 


1 hr 


B. t. u., tota 


il,lhr 


246.0604 
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TABLE XXIX. 



RADIATION; EIPKRISIENT S 






■.„..„„..,,. 


M-Nt—.** 


Wntrt lieatid. lb* 


13.105 


Water liented, lbs 23.098 




-;. :(7 


Meant, initial 79. « 


Mpim (, final . 
Mm., iticreas 




l'U.i i: 

34.10° 


Mennf.fioal li'.'J.IK 

Mean incn-ase, deg 30.1)1° 


. <l«n 




tihi-hutcu* or watib. 




™.™ W w W 


no. 


Iniilal. 


Final. 


Initial. 


flaH. 




Do S i™i F. 


Di-giee* F. 




Degrets F. 


Degrees F. 


10 


87.8' 


tow 


10 


70.0' 


1011. 0' 


10:15 


75.3" 


105.3° 


10:15 


78.0° 


105-6° 


10:80 


78. 7° 


101.8" 


10:30 


78.5° 


li)8.5° 


10:40 


78.0° 


103.0° 


10:45 


79. 0° 


111 6' 


11 


70. 5 a 


104.0° 


11 


79.0° 


114.8" 


11.15 


90. 8° 


105.0° 


11:15 


79.5' 


117.0' 


11:30 


W),7' 


105.5° 


11:30 


77.0° 


MM' 


11:45 


81.7° 


106.0° 


11:45 


79.5° 


109 0= 


12 


67.8° 


109.0' 


12 




112.0 


12:15 


90.5" 


111.2° 


12:15 


89. r 


I1M 


12 30 


W.1- 


114.8' 


12:30 


77.5' 


112.2° 


12:45 


94.7° 


120.2° 


12:45 


79.0° 


107.(1 


1 


96.0° 


118. 5° 




78.2° 


108,4' 


1:15 


BU.fl' 


121.0' 


1:15 


78.0" 


IW.8" 


1:30 


78.4" 


111.0° 


1:30 


79.0* 


113.0' 


Mean 


85.:;7" 


108.47" 


79.91° 


110.00° 


B. t. n 


85 4157 


109.5784 


J!, l.ii 


78.8458 


110.1100 




24.1027 
31(1.0523 


B. t, a., IPC 
B. t. it., lot 




30.1643 
714.8614 


B. t. u., totiil. 8. B lira... 


1, 3.5br9... 




90.4721 


B. t, u., per hour 


S04.2461 


B. t. u,, Mean. 4.5 lire... 


104.1318 


B, (. ii., mean, 4.5 hrs... 


203.4015 


Tlie tables present some striking anomalies, but some coincidence* 


no less striking. 


The result obtained from radiometer No. 1, is very much less than 


that obtained from No. 2— only 62 per cent, as much in the first hour 


experiment No. 1; only 44 per cent, in the following 3.5 hours, ei 


pertinent No. 2; and for 4.5 hours, taking both experiments together 


51 per cent. 


There was certainly no corresponding difference in the radiation 


from the two parts of the smoke-box cover, which were only a few 


inches apart, and almost certainly of equal temperature. The dif- 


ference here noted in the apparent radiation is at once too large 


and too uniformly persistent to be explained by any errors of ob- 
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servation. Two explanations suggest themselves, which, singly or 
in conjunction, may account for it. 

First, radiometer No. 1 may not have been bo adjusted to the 
brick-work as entirely to cut off circulation of air, and consequent 
loss of heat by convection ; and second, radiometer No. 2 may have 
been, to some extent, in contact with the smoke-box cover, so as to 
receive some heat by conduction. The object of these prelimin- 
ary experiments was to test the accuracy of the radiometers, and 
the intention was to divide the area of the brick-work into por- 
tions of about one square yard, and to apply the radiometers in turn 
to each and all of these partial areas. The first results were not 
satisfactory, and circumstances did not permit the prosecution of 
this inquiry. The date of these experiments, August 10, 1881, 
falls in the week ending August 13, week E. The coal burned 
that week was 14,1170, pounds of evaporative power equal to the 
evaporation of 13.64 pounds of water from and at 212° F., and 
therefore capable of producing: 

14670 x 13.64 x 965.7 = 193235411 B. t. u. 
Loss from imperfect combustion wsib 1.81 per cent. The loss by 
radiation from brick-work, for week E., appeal's to be 1.39 per cent; 
but this is a residuum, and is affected by many small errors. It is 
therefore proper to take the mean for the six weeks, July 1G to 
August 20, which was 2.81 percent. 

Now, 1.81 per cent, of 193235411 - 8497561, and 
subtracting 8497561 



we have 189737850 as the number of British ther- 

mal units actually produced in week E. Taking 2.81 per cent, of the 
heat produced = 6331634 British thermal units, going on day and 

;33iG3-: 

132 

hour. The total radiating surface of the Pacific boiler setting was 
about 1000 square feet, and dividing by this number the quantity 

of heat radiated per hour, we have, ■ 1 ^ n = 40.39 B. t. u. per 

square foot per hour. If this be the mean radiation from the whole 
outside surface of the brick- work, the rate must he much greater 
directly opposite the fire. If 2.5 times as much, it would be 40.39 
x 2.5 — say, 101, about equal to the quantity shown by radiometer 
No. 1, and about half as much as appears by No. 2. But these ex- 
periments were upon the iron cover of the smoke-box, where the 
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radiation was probably considerably more rapid than from the brick- 
work, although the internal temperature was low. Inconclusive 
as were these experiments, the apparatus appears to have elements 
of usefulness, and may, with patience and care, yield valuable in- 
formation. 

Transmission of heat through brick-work. — All the beat ra- 
diated from the surface of the brick-work must of course reach the 
surface from within by conduction. 

For studying the conduction the following provision was made, 
Round wooden roils, about 1.5 inches in diameter, a little tapering, 
were laid, horizontally and transversely, in the sido wall of warm- 
blast boiler No. 2, in two rows, respectively 4' 5" and 5' 0" above the 
floor, 14 inches apart in each row, those in the upper row being placed 
centrally over the spaces between those in the lower row. There 
were 7 in each row, penetrating respectively 4, 8, 12, 1(5, 20, 24, 
and 28 inches; the latter, therefore, having only the width of one 
fire-brick (4.5") between its extremity and the combustion cham- 
ber, about midway between the bridge wall and the pier. On the 
withdrawal of the rods, holes were left for the insertion of ther- 
mometers to the several depths above mentioned. 

The position of the deep and shallow holes was reversed in the 
two rows, so that the 4" holes in each row were near the 28" holes 
in the other. This arrangement will he clearly seen in Fig. 181. 
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Three sets of observations were taken in these holes; the first, 
during all the working hours of one week, quarter-hourly — Monday 
morning, September 19, to Saturday noon, September 24, 1881, in 
the 28-inch hole, A, Fig. 181, in the lower row, loeated 12' 5" from 
the front end, and 8" above the level of the lower side of boiler. 
The observed temperatures are all given in Table XXX., and repre- 
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TEMPER ATCRI 



TABLE XXX. 

OF BBICK-WORK. WA.RM-B1.A8T BOILER NO. 1, 12' 5' FROM 

>,— 2 6" ABOVE OIIATE6, — 28" FHOH OLTSinB, 4.5" FIIOM INBIDE 

, P.M.. 1881. BY MERCU1I1AJ. Tlll'IlMIIMETliB ; qUARTEa-HOUHLV 
BEE PROFILE, FIQ. 1^3. 





Koodty. 


Tuesday. 


We.1 uc siIbj- 


Thorax. 


Friday. 


s . llrm| 


11.11. 


19 


SO 


SI 


aa 


23 


24 


Degree? F. 


BspMaK 


„„„,-,• 


lH'i;r...-.- ]■'. 


Degrees F. 


Degreaa F. 


7 A.M. 




854 


344 






390 


15 




858 


844 


330 


360 


892 


30 


244 


360 


844 


333 


360 


884 


45 


240 


850 


841 


823 


356 




8 


239 


855 


340 


320 


300 


885 


15 


240 


358 


340 


325 


860 


885 


30 


840 


357 


341 


827 


80S 


884 


45 


242 


800 


341 


329 


363 


886 


9 


242 


862 


346 


349 


803 


383 


15 


246 


363 


350 


350 


870 




30 


248 


854 


344 


834 


373 


888 


45 


304 


858 


341 


840 


874 


384 


10 


256 


304 


346 


840 


874 


888 


15 


860 




340 


333 


878 


B84 


31) 


264 


868 


348 


843 


833 


384 


45 


268 


870 


848 


850 


884 


384 


11 


273 


373 


848 


853 


886 
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noted graphically in Fig. 23 and Fig. 24. In Fig. 23, the m- 
eral daily profiles would, if all drawn from the same base-line, con- 
use each other. The 400° line is therefore raised for each Bneeeed- 
hit profile, enough to permit all to be clearly seen. The waring 
inca connect the points observed, of which there were on Monday, 
42, on Tuesday and Wednesday, 45 Mch, on Thursday 43, on Fri- 
day 44, and on Saturday 22, making 241 in all. 

These waving lines repre- 
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Bent, for the most part, if not 
always, real fluctuations of tem- 
perature. Every opening of a 
fire-door sent a pulse of low 
temperature through the brick- 
work, and this was sharply feit 
so near as 4.5 inches to the 
source of heat. The smooth 
curves are intended to represent 
approximate mean ranges of 
temperature. On Monday tlie 
temperature remained station- 
ary, indeed fell 4° or 5° while 
the hanked fire was opened, and 
f reBh coal put on, but from 8:30 
rose sharply, although not quite 
uniformly, to the close, and 
reached 400°, a point not again 
attained until noon of Friday. 
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arly hanking is distinctly seen 
IVidny, the fire was driven hard 
which an experiment was made t 
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ombnation equal to 16.63 pounc 
jer hour. Fig. 24 shows the sa 
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he intervening nights, in which 
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[rat of the day following. Fr 
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The effect of light firing and 
:>u Tuesday and Wednesday, On 
it midday. This was the day on 
o ascertain the power consumed in 
ed of the engine was 191 revohi- 

blower, 232, resulting in a rate of 
a of coal per square foot of grate 
ne mean curves on the same verti- 
ntal scale one-sixth as large, and 
the temperature is represented by 

observation of each day with the 
m Saturday noon, when the fire 
n sloping away to reach some low 

morning ; but the form of this 
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curve and of the night curves, is conjectural, no night observations 
having been taken. 

Table XXXI. presents a record of 24 observations at each of 3 
holes, severally 8", 16 ', and 24" in depth, and therefore 20.5", 
16.5", and 8.5" from the fire, taken on Monday, February 13, 1882. 
In Fig. 25, these observations arc arranged in the form of three 
profiles upon the interval of time, 5 h. 45 in. as a base. The assumed 
means, represented by the full, smooth curves, are here a little 
more arbitrary ; but this is, as will be seen, of no importance. 
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TABLE XXXI. 



T«MPERATt:HE OP BIHCK-WOHK OP 

VARIOUS DEPTHS, V\'ll- i.l . 8 INCHES, 10 INCHES 

OOTID surface: 10 h. 30 tn. A.M. to 4 h. 15 it 
18, 1882. bee fig. 184. 5 rEET above floor. 



AST BOILER SETTING NO. 1. . 






n~ 


8 

Inches 

i .in side. 
Beg. P. 


lnc t. 

Beg. F. 


rill bide. 
Beg. F. 


™, 


S 
Inchi* 

In mi 

B*g.F. 


15 

Beg. F. 


froin 
D*g. F. 


10 30 A.M. 


180 


230 


294 


1 30 p.m. 


230 


353 


892 


45 


183 


233 


316 


45 


230 


848 


415 


11 


184 


242 


332 


3 


224 


368 


397 


15 


180 


246 


334 


15 


233 


383 


435 


SO 


166 


2T3 


344 


30 


353 


884 


440 


45 


186 


273 


861 


4.7 


253 


874 


459 


12 M. 


100 


274 


801 


8 


252 


376 


453 


15 P.M. 


303 


376 


860 


15 


274 


431 


490 


30 


315 


279 


359 


30 


244 


480 


513 


45 


315 


383 


857 


45 
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487 


519 


1 


317 


286 


C56 


4 


390 


408 


513 


15 


2^0 


811 


£81 


15 


2C8 


469 


515 



Fig. 26 represents these assumed mean temperatures as a suc- 
cession of profiles upon the thickness of brick-work they embrace 
(16 inches), aB a base, by full lines at the hours, and dotted lines at 
the quarters of an hour. 

I Fig. 27 represents in the same manner as the preceding figure, 
the hourly profiles, bv the temperatures actually observed; 



ing in general configuration with the last iignre, but differing in 
detail, and presenting a little less range in consequence of the 
omission of two lines before 11, and one line after 4 o'clock. 

Fig. 28 is similar to the two preceding, except that here all the 
quarter-hourly lines are drawn from the actual observations, and 
embody all the irregularities of the waving lines of Fig. 25. 

This table is noticeable for the high temperature found, especially 
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Fig. 27. 
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in the 16-intli hole, and notably in the last five observations- — 431 
to 487 degrees. 

Table XXXII. embraces 34 sets of observations in 3 boles sever- 
ally, 4", 16", and 28" deep. The 16" hole is not identical with the 
16" hole of Table XXXI., but is only 7" from it horizontally, and 
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TABLE XXXII. 

TEMPERATURE OF BRICK- WORK OP WARM-BLAST BOILER BETTING NO. 1, AT 
VARIOU8 DEPTHS, NAMELY, 4 INCHE8, 16 INCHES, AND 28 INCHES FROM THE 

outer surface: 8 h. 15 m. a.m. to 4 h. 30 m. p.m., Tuesday, pebbuaey 

14, 1882. 5 FEET ABOVE FLOOR. 



TIMS. 



H. M. 



8 15 A.M. 

80 
45 
9 
15 
30 
45 



10 



11 



12 



15 
80 

45 

15 
30 
45 



M. 



15 r.ii. 



4 

inches 

from 

outside. 



16 

inches 

from 

outside. 



Deg. F. Deg. F 



118 
140 
140 
141 
142 
141 



141 


296 


141 


296 


142 


320 


142 


808 


142 


306 


142 


302 


142 


298 


142 


292 


142 


296 


149 


318 


150 , 


313 



267 
285 
292 
290 
294 
299 



28 

inches 

from 

outside. 

Deg. F. 



283 

297 

316 

3:i 

323 

841 

352 

352 

348 

862 

359 

36) 

370 

376 

382 

854 

3G9 



TIME. 


4 

inches 

from 

outside. 


16 

inches 

from 

outside. 


H. M. 


Deg F. 


Deg. F. 


12 30 p.m. 


150 


319 


45 


150 


319 


1 


150 


£17 


15 


150 


€50 


80 


164 


353 


45 


166 


349 


2 


175 


3i9 


15 


182 


£30 


SO 


182 


274 


45 


180 


308 


3 


180 


800 


15 


181 


COO 


80 


160 


£02 


45 


180 


810 


4 


180 


£03 


15 


180 


804 


CO 


180 


£93 



28 

inches 

from 

outside. 

Deg. *• 




41* 

4:0 

466 

466 

471 

476 

479 

481 

488 

495 

498 

503 

506 

509 



the same distance vertically, and therefore only 10" from ic in a 
direct line. 

The three profiles, Fig. 29, are separated by 12 inches of brick- 
work. They are noticeable for the sudden rise in the first 15 minutes, 
at 4", and in the first 30 minutes, at 16" and 28'' ; for the great de- 
pression, 12 m. to 1 p.m., at 28", the still greater depression, 2:30 
to 4:30, at 16", caused by keeping fire-doors open to prevent blow- 
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ing off steam at the safety-valve ; and in the 4" hole by the two 
well marked level line6— 8:30 to 11:45, and 2:15 to 4:30, with the 
intermediate steps. The dotted curves which indicate assumed 
means in this figure are rather violent assumptions, especially at 
18" ; but this, again, will be seen to be of no importance. 

Fig. 30, showing hourly mean transverse temperatures, Fig. 31, 
showing hourly actual transverse temperatures, and Fig. 33, show- 
ing quarter-hourly actual transverse temperatures, being similar in 
eoBHlraction to figures already described in connection with Table 
XXIX., require no comment. 




In Fig. 32, the extreme temperatures — highest and lowest — of 
all three tables, XXVIII., XXIX., and XXX., are grouped together 
in their appropriate positions in the brick-work. The full vertical 
line M N represents the entire range of the 241 quarter-hourly ob- 
servations in the 28-inch hole, during the week Sept. 19-24, 1S81. 

The curved lino ABC represents the upper, and the line D E F 
the lower temperatures, observed on Monday, February 13, 1£82; 
and the shaded space between these lines and the vertical dotted 
Hues at 8" and 24" from the outside, represents the whole range of 
the T2 temperatures observed on that day. 
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The oblique, nt'.'irly ^tr.iii;!it line, GHI, represents the upper, mul 
the sharply bent line J K L, tin? lower tern pe rat urea observed un 
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Tuesday, February 14, 1882 ; and tlio sliaded space bounded I 
these two lines and by the 4-inch and 23-inch verticals, represent 
the entire range of the 102 observed temperatures on that day, 



BRICK-WORK A HEAT-REBERVOIR. 

The form of the curves of transmission, whether convex or con- 
cave upward, or straight, depends on the relation of the increment 
of heat at the inner surface, to the conductivity of the brick-work. 

In Fig. 31, the hourly lines at 3 and 4 p.m., and Fig. 33, all 
the lines from 2 to 4:30, are concave upward, showing that heat 
was received at the inner face of the wall faster than it was eon- 
ducted away. In Fig. 28, the 12 m. line is almost exactly straight, 
showing a balance of heat received and conducted ; the lines below, 
especially those at 10 to 11:15, are concave upward, showing that 
heat is received at the inner face faster than it is conducted out- 
ward; and the upper lines, 2 to 4:15, are convex upward, showing 
that heat is conducted outward faster than it is received at the in- 
ner face. 

Careful study of these diagrams will clearly teach the importance 
of thick walls around boiler furnaces. If the wall shown in section 
in Fig. 32 were, as is too commonly the case, only 16 or 16.5 
inches in thickness, the temperature of the onter surface would 
never rise to 400° or 500° I'\, because the more active radiation 
would disperse the heat more rapidly ; but this more active radia- 
tion would imply a higher temperature than here prevails at the 
outer surface, perhaps as high as is here found at. a depth of 4 to 
6 inches, say 120° to 200° F. The mass of brick masonry Consti- 
tuting the inner foot in thickness of a wall two feet or more in 
thickness, is no mean equalizer of temperatures in the furnace and 
combustion-chamber of an externally fired boiler. Taking into 
consideration only five feet in height and one foot in thickness on 
each side of the furnace, and 26 feet in length (including the cross- 
wall in rear), we have 2 x 5 x 26 = 260 cubic feet, weighing 100 
lbs. per cubic foot, of one-fifth the specific heat of water, equal 
therefore to 20 lbs. of water per cubic foot ; and 260 x 20 — 5200. 
A range of temperature of 200", from 250° to 450° F., will there- 
fore imply an increase or diminution in the quantity of heat of say 
1 000,000 British, thermal units, equal to the evaporation from and 
at 212° F. of more than 1,000 pounds of water. liadiation from 
brick-work to boiler is rapid and constant, and tends sensibly to 
maintain uniformity in the transmission of heat to the boiler and 
its contained water, when the fire-doors are opened for firing, or 
for cleaning the grates, and when the grates are covered with 
freshly fired coal not yet fully ignited. The ideal boiler setting 
will contain, among other things, a series of three-eighths inch iron 
pipes, welded up at the lower end, inserted vertically, at various 
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dlstHMM from the enter surface of the walls, and to various depths, 
to contain mercury, for the mom complete study of the subject 
Under oonnderation by tlie patient and long continued use of the 
mater. 

IWi:i: dokbdkkd in kbivino blowek. — Tlie Root blower was 
driven by a Iloadley portable steam engine detached from its 
boiler, made by Geo. T. Mi-Lauthlin & Co., Boston, 5.5 inches dium- 
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eter of cylinder, and 8 inches stroke, easily capable of producing 
9 horse-power, indicated. Its automatic cu'-off was adjustable be- 
tween the limits of 125 and 325 revolutions per minute, by means 
of a change of links confining the ends of the governor springs. 
Steam pressure varied rapidly and widely on account of the v 
able requirements of the chemical works for steam, so that withoi 
automatic cut-off no tolerable regularity of speed could have bee 
maintained. 
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dicator diagrams were taken from both ends of the cylinder 
tinder various conditions. Two pair of these arc given exactly as 
they were taken, save that they are here reduced to half their 
original length, the scale of pressures unaltered. In both cases 
the speed was 200 revolutions per minute. In Fig. 34 the engine 
was exhausting into the air, and the back pressure was only about 
15 pounds absolute. In Fig. 35 the engine was exhausting into 
an extemporized surface condenser with about 3.8 pounds per 
square inch back pressure, above the atmosphere, equal to 18.5 
pounds absolute. Clearance, ascertained by tilling the space witii 
water, was equal to 15 per cent, of the volume swept through by 
the piston, allowance being made for the volume of the piston-rod 
at the end nearest to the crank. 

There is evidence of leakage in the compression lines. The 
power shown in Fig. 31 is 2.96 horse-power indicated. The 
quantity of visible steam exhausted is equal to 40.86 pounds per 
horse-power per hour. 

In Fig. 35 the power is 2.77 horse-power indicated, and the 
quantity of visible sleam is 43.1 pounds per horse-power per 
hour. On the 23d day 
of September, 1881, a 
very careful experiment 
was made to ascertain 
the quantity of heat re- 
jected by the engine while 
driving the blower, by 
condensing all the steam 
from the exhaust pipe, 
and noting the quantity 
of water used for condens- 
ing and its initial and 
final temperature. For 
this purpose the steam 
calorimeter previously 
described was used. 

Water from a cask 
placed on a roof, main- 
tained at a constant level 
by a "ball and cock," * la - * 

was led by pipes to the interior of the calorimeter and distributed 
by seven pipes of three-quarter inch gas pipe, one passing down 
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llir outer in the space usually occupied by the shaft of the agita- 
tor, ami tlm other six spaced equally around tlie sides between tlie 
calorimeter lining and tlie steam drum. Water was supplied to 
these pipes equally by branches from a vertical, centrally located 
twu-inuh pipe extending from the cask. 

Tlie water so supplied proved to be adequate to condense the 
steam at only three to four pounds pressure above the atmosphere 
(Fig. 3(5). A weir was fitted to the top of the calorimeter to dis- 
charge this water through a spout into a cask placed conveniently 
near on scales. Delicate and accurate thermometers having their 
bulbs immersed in small vials filled with oil were placed in the in- 
flowing and outflowing streams, and the temperature they indi- 
cated was noted once a minute. The oil in which the bulbs were 
immersed served to integrate the momentary variations of tem- 
perature due to imperfect mixing, so that the changes were moder- 
ate both in rapidity and extent. 

Time of beginning tlie experiment, p, m 4 li. 13 m. 58.5 a. 

Time of ending the experiment, p. m 5 li. 85 in. 9.0 e. 

Duration of experiment 1 h. 21 m. 10.5 8. 

- 1 8529160 h. = 81.175 m. = 4670.5 seconds. 

Beading of counter on engine, Gnal 3123000 

Reading of counter on engine, i nitial 3108500 

Number of revolutions of engine in 61.175 inimttea. . . . 15500 

Mean number of revolutions of engine per minuto liiO.9455 

Mean velocity of piston in feet per minute 254.59 

Flow of waier over weir, 418 lbs. in 5 m. 56.00 s. 

Again, 413 lbs. in 5 m. 55.50 s. 

Again, 418 lbs. in 5 m. 55.25 b. 

Mean flow of water over weir. 413 lbs. In 5 m. 55.58 s. 

Total quantity of water in 81.175 minutes, lbs 5857. 

Quaii tity of water per minute, lbs 69.1)89 

Quantity of water per hour, lbs 4181.34 

Quantity of water per horse power per Lour, 9.08 

indicated horse-power, ilia S010.26 

Total quantity of exhaust steam and entrained and 

condensed water, lbs 287. 

Steam and entrained and condensed water per hour, 

during 1.8520 houre, lba 175.18 

Steam and entrained and condensed water per horse- 
power per hour; 2.03 indicated liorse-power, lba 

Ratio of niiniciisiii.ir water to steam 83.87 

Mean final temperature of condensing water 109. 9' F. 

Mean initial temperature of condensing water 68.2" F. 

Mean rise of temperature 41.7° F. 

Number of B. t u. milled to tiu'h una pound of water = 
110.0047-68.2083, 13. t. u 41.7364 
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Total number of B. t. u. added to 6657 lbs. of water in 
81.175 m 286102.8 

Mean temperature of condensed steam 94.9° F. 

Difference in quantity of he.\t between water at 94.9° F. 
and at 68.2' F. = 94.9618 - 63.2333 = B. t. u. 26.6965 

Quantity of heat carried off by water condensed from 
steam (237 lbs.) above initial temperature of condens- 
ing water = (94.9648 - 68.2683) x 287 = B. t. u. 6327.1 

Total quantity of heat rejected by the engine and 
found in the condenser, 236102.8 + 6327.1 = B. t.u.. . . 242429.9 

Power represented by the mean indicator, diagram, Fig. 
195; mean of five diagrams taken from the end of the 
cylinder farthest from the crank; three others, sub- 
stantially like these, being slightly imperfect, are re- 
jected. I. h. p 2.268 

Ratio of the mean power at the two ends of the cylinder 
to the power developed at the end farthest from crank, 
per cent 91.78 

Power developed at both ends of the cyl., 2.686 x .9178 

= i.h. p 2.08 

British thermal units equal to 2.08 indicated h. p. during 
81.175 minutes, 

2.03 x 33000 x 81.175 _ A „ M „ dtk 

= yfi = B.t.u 7217.42 

Steam pressure, absolute, in condenser, lbs. per sq. in. . . 18 

Heat, above 0° F. contained in one pound of steam of 18 
lbs. pressure per sq. in absolute, B. t. u 1181.7640 

Heat above 0° F. contained in one pound of water of tem- 
perature of condensed steam, 94.9° F., B. t. u 94.9648 

Quantity of heat to be subtracted from one pound steam 
of 18 lbs. per sq. in. pressure absolute, to condense it 
to water of 94.9° temperature, B. t. u 1086.7992 

Number of pounds of steam of 18 lbs. per sq. in. p. 
ab3. condensed by con vert ion of heat into work in 
the engine, 2.08 i. h. p. during 81.175 minutes, 

7217.42 ., aaA . 

=UBE7SB =,bs * M1 

Per horse-power per hour, 

6.64 x 60 _ 
2.08 x 81.175 " JbS 2M 

Number of pounds of visible steam, according to indica- 
tor cards, per horse-power per hour, 1 bs 41.77 

Quantity of steam, visible, and condensed in doing work, 
per h. p. per hour, 2.36 x 41.77 = lbs 44.13 

Quantity of entrained water, condensation in pipes and 
cylinder (not in doing work), and leakage ; being the ex- 
cess of total steam and water admitted to steam drum 
(237), over visible steam and steam condensed in doing 
work (124 lbs.), per i. h. p. per hour, 
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Ratio of excess to steam visible i 

44.13 " ■ W ° i ' ~ P* r <» ut --- 
Ratio of excess lo total : 
4D.0J _ 
04.22 " 
Ratio of visible steam, etc., to total ; 
«J8 _ 
84.22 
Speed of blower corresponding t< 

minute 

Rale of combustion of aethraci 
rev. of bluwer per m. (232 * .07168), in pounds of coal 

per aq. ft. of grate area per hrmr tby experiment) 

Pounds of coal burned per hour on fire-grate, 

1663 x 26 83 = lbs 

Pounds of water evaporated from and at 212 F. per bour, 

430 M 11.71 lb* 

Ratio of all water paaaing through tbe engine to water 
evaporated, 
175.18 



ttgin. 

respor.dinir <• 



: .035 = 






3.5 



Tins engine, then, was using 3,5 per cent, of sill tlie water evap- 
orated ; but at the rate of 84.22 pounds of water per horse-power 
per hour. If power were supplied from a large engine, of good 
construction, 24 pounds of water per horse-power per hour would 



be sufficient : and 



= .287, and .287 x 3.5 = 1. 



Therefore, the steam required to drive the blower, with a 
ably good engine, running with 24 pounds of water per indicated 
horse-power per hour, is 1 per cent, of the steam generated by it 
use. 

It may be worth noting that the circumference of the engine- 
pulley was 113.30 incites, and that of the blower pulley, 92.8 
inches. The number of revolutions made by the engine and 
blower respectively, during weeks G, ending February 4, and H 
ending February 11, 1882, and the running time each week, were 
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Minutes. 


Engine. 


Blower. 




.... 8373 


542624 


659808 


Week H 


.... 3156 


508176 


616 088 










Total, 107 b. 8 m. =. 


.... 8428 


1050800 


I 375 886 



SOLID CARBOS IN FLUE GASES. 
Hie ratio of these numbers is: 



and gg= 1.2200 

Difference = " Blip" = .0058 — say about 0.6 per cent. 

Solid carbon and ash in flue gases. — During the week ending 
August 20, 1881 (week F), the fuel being bituminous coal, an ex- 
periment wa3 made by Mr. Prentiss to determine the quantity of 
solid matter — finely comminuted carbon and ash — borne off in the 
clond of black smoke which to vulgar apprehension appears to pre- 
sent a formidable loss of combustible material, and is in fact a pal- 
pable and serious nuisance. 

A stream of gas directly from the flue was drawn by an aspira- 
tor through a gas meter, to measure its volume ; and as its pressure 
and temperature were observed, and as the error of the gas meter 
was ascertained, the weight of the gases became known. The 
stream of gas — smoke — was made to pass through a strainer of 
muslin, in the form of a bag, secured at the bottom of a vessel of 
water, which retained, mechanically, some of the soot, and caused 
the rest to be diffused and retained in the water, while the gas bub- 
bled up and escaped from the water perfectly clear. "When a suf- 
ficient and known quantity of the gases had been so passed, the 
water was evaporated, and the residuum was dried and weighed. 

One hundred cubic feet by the meter, equal to 108.53 cubic feet 
corrected, at 72° F., weighing 534 grains =0.0762857 lb. per 
cubic foot, yielded 49 gramme = 7.57 grains = 0.001081 lb. of 
solid matter; and 1 cubic foot, therefore, yielded 0.00001 lb. 

The quantity of coal burned during the week, was 12890 lbs.; 
the mean quantity of flue gas per lb. of coal was 25.23 lbs. ; and the 
total quantity of flue gas was 25.23 X 12390 - 325215 lbs. 

The volume of this gas, at 72° F., was 

325215 -- 0.0762857 = 4263119 cubic feet, 

yielding 4263119 x .00001 = 42.63 lbs. of solid matter— soot. The 
ratio of this soot to the total quantity of coal burned is, 

^~ = .OO'tt = 0.33 per cent. 

No analysis was made of tliis solid matter, as there seemed to be 
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156 TRIALS OF A WARM-BLAST APPARATUS. 

BO «:i\- of completely separating it from the muslin bag, and the 
quantity was extremely email. 

Its gray color Indicated that not more than one-half was carbon. 
The proportion of carbon carried off in the black smoke of this 
bituminous coal, would, therefore, appear to be not far from one- 
sixth of one per cent. 
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Memorandum of agreement by and between Obadi'ah Marland of 
Boston, in the County of Suffolk and Commonwealth of Massachu- 
setts, and 

the Pacific Mills, of Lawrence, Massachusetts, 
the Massachusetts Cotton Mills, of Lowell, Massachusetts, 
the Boott Cotton Mills, of Lowell, Massachusetts, 
the Naumkeag Steam Cotton Company, of Salem, Massachusetts, 
the Atlantic Cotton Mills, of Lawrence, Massachusetts, 
the Great Falls Manufacturing Company, of Great Falls, N. II., 
the Boston Manufacturing Company, of Walthaiii, Massachusetts, 
the Merrimack Manufacturing Company, of Lowell, Massachusetts, 
the Salmon Falls Manufacturing Company, of Salmon Palls, N. H., 
the Nashua Manufacturing Company, of Nashua, New Hampshire, 
the Lancaster Mills, of Clinton, Massachusetts, 
the Manchester Mills, of Manchester, New Hampshire, 
S. D. "Warren & Co., of Cumberland Mills, Cumberland, Maine. 

The said corporations arid manufacturers agree to make and cause 
to be made a test of the apparatus set forth and described in United 
States Letters Patent, No. 205,282, to O. Marland, dated June 25, 
1878, and Great Britain Letters Patent, No. 2553, to said Marland, 
dated Juue 26, 1878, in accordance with the description of said ap- 
paratus contained in said Letters Patent, at the Pacific Mills In the 
I City of Lawrence, Massachusetts, under the supervision, control 
ind direction of John C. Hoadley, at their joint expense and cost, 
in the manner and upon the conditions named herein. 
Said test to be made forthwith and without delay as soon ae the 
said apparatus can be properly constructed and placed in operation 
at said Pacific Mills. 
Said test to be made with reference to the combustion of both 
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anthracite and bituminous coals, and the device for superheating 
air as set forth in said Letters Patent or either thereof shall be ap- 
plied to the furnace or furnaces used to make said test. 

The expense and cost of said test and the apparatus constructed 
therefor shall be borne and paid by 6aid corporations and manufac- 
turers respectively according to the number of boilers now in use 
at their mills named herein set against their names hereto respect- 
ively. 

Said test to be made and a full and complete report thereof to be 
made by the engineers and experts employed by said corporations 
and manufacturers to make said test and to be furnished in writing 
signed by said engineers and experts to said corporations and man- 
ufacturers as soon after said test is completed as said report can be 
prepared, and a copy of said report to be furnished to said Mar- 
land. 

When said John C. Hoadley 6hall give notice in writing to said 
corporations and manufacturers and said Marland that said test has 
been made, then it shall by the parties to this memorandum be 
deemed to be made. 

All upon the condition that not less than two hundred (200) 
boilers shall be represented by the corporations and manufacturers 
named herein. 

And the said Obadiah Marland, for himself, his executors, ad- 
ministrators and assigns, agrees to issue and grant unto each and 
every of the corporations and manufacturers herein named whose 
signatures are placed hereto, absolute license for the full term of 
said Letters Patent and all reissues and extensions thereof, without 
charge for royalty, rental or otherwise, to apply and use his inven- 
tion set forth in said Letters Patent upon and in connection with 
any and all boilers for stationary purposes which now are in use or 
which may be constructed to be used in the mills now owned by 
said corporations and manufacturers at the places named herein and 
set against their names hereto respectively. 

Said right and license by said Marland or his executors, admin- 
istrators or assigns, to be made by him or them to said corporations 
and manufacturers in due form in writing as soon as said test shall 
be made and the report thereon in writing made by said engineers 
and experts and furnished to said Marland or his executors, admin- 
istrators or assigns. 

In consideration of the mutual promises of the parties hereto, the 
said Marland and the said corporations and manufacturers have sev- 
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crally placed their hands and affixed (heir seals hereto, this twelffl) 
(toy of February, a. u. 1881. 

SigDed, 

Obadlab Marlnnil, [l s.] 

60 Pacific Mills, Lawrence, by Tlenry Saltonstall, Tress., [l 8.] 

1'J llostou Mfg. Co.. \Valthnm, by Edmund Dwigbt. Treas., [u i.\ 

1) Nuuinkeag Steam Cotton Co, , Salem, by H.D.Sullivan.Treas., [l. a,] 

10 Atlantic Cotton Mills, Lawrence, by Wm. Gray, jr., Treas.. [i 

18 Massuoliust-tts Cotton Mills, Lowell. by Geo. Atkinson, Treas., [i 

13 Great Fall* Mfg. Co., Great Balk, by A. P. BockwelLTm*, \\ 

37 Manchester Mills, Manchester, by Jobn C. Palfrey, Treas.. fi 

10 S. D. Warren & Co . Cumberland Mills, [i 

I) Merrimark Mfg. Co.. Lowell, by C. H. Dation, Treas., [i 

13 lluottCoHi.li Mills, Lowell, by Augustus Lowell, Treas., [l 

3 Salmon Falls Mfg. Co.. by H. Biockton, Treas., [i 

8 Nasbna Mfg. Co., by Frederic Amnry. Treo*.. [t 

10 Lancaster Mills, Clinton, uyJuines S.Aiaeiry, Treas., [i 



APPENDIX B. 

COMBUSTION OP FUEL. 



The perfect combustion of one pound of pure carbon produce 
it is said, heat equal to 14,500 thermal units; i. &, heat enough t 
raise the temperature of 14,500 pounds of ice-cold water 1° Fall 
renheit. No coal, no coke, consists of pure carbon. Cmmnerci: 
anthracites yield, on analysis, about rive per cent, of oxygen anc 
hydrogen united in the form of water, so that the hydrogen is o' 
no calorific value. There is also a varying proportion of ear tin 
matter left in the furnace after combustion — in part also draw: 
into the flues and chimney — ranging from 5 to 15 per cent, 
purer coals are apt to crumble so badly in heating, for want of tkf 
tenacity which a larger proportion of "ash" would give, that they 
often suffer considerable loss by decrepitation, and sifting throng) 
the fire into the ash-pit unturned. These causes reduce the the* 
retical value of one pound of commercial coal (anthracite) about 
me-sixth, or from 14,500 to 12.083 thermal units. 

Each thermal unit is equal to 7"2 foot-pounds of work, so tlii 
the perfect combustion of one pound of commercial anthrac 
coal is equal to 

12.083 x 772 = 9,328,076 foot-pounds. 
One. horse-power exerted during one hour is 33,000 x 60 

= 



000 foot-pounds; therefore, if all the work represented by the 
perfect combustion of the carbon contained in one pound of com- 
mercial coal in one hour could he converted into useful work in an 
engine, it shonld produce 

9328076 . „, . , 

iWJOOO = horse-power one hour; 

and each horse-power should require, each hour, 

1980000 __„ . , . 

9328076 = 0.212 pounds of coal. 

But in fact, instead of about one-fifth of one pound, the very best 
engines require ten times as much, or two pounds per hour. Tory 
good practice requires fifteen times as much, or 3.0 to 3.25 pounds ; 
and the great majority of good engiuea consume from fifteen to 
twenty times the above quantity — that is, 3.25 to 425 pounds of 
coal per horse-power per hour — aud show a ratio of actual per- 
formance to the full calorific power of the fuel consumed of 5 to 6 
per cent But this loss of from nine-tenths to uineteen-twentieths 
of the work represented by the combustion of coal — almost start- 
ling when contemplated for the first time — is in great measure 
irremediable in the steam engine, arising as it does from the 
physical properties of water, employed as a vehicle for the use of 
heat. The problem in the steam engine is to convert the molecular 
motion of heat into the sensible motion of ponderable masses — 
a piston, fly-wheel, etc. : aud the degree in which it is possible for 
it to accomplish this, every imperfection and every source of loss 
eliminated, is the ratio which the difference of temperature of 
initial and exhaust steam (or its "range") bears to the absolute 

T — T 

temperature of initial steam; that is, — ?-= — -, where T is the abso- 
lute initial temperature, and TV the absolute final temperature. For 
instance, if in a locomotive steam be taken into the cylinder up to 
the point of cut-off, at 120 pounds per square inch, steam-gauge press- 
ure (above a mean atmospheric pressure of 14.7 pounds) = 134.7 
pounds absolute pressure, its sensible temperature Fahrenheit will 
be 350°, and its absolute temperature 461° greater, or 350 4- 461 
— 811". Exhausted underpressure a little greater than that of the 
atmosphere, say 15 pounds per square inch absolute pressure, its 
sensible heat Fahrenheit will be 213°, and its absolute temperature 
will be 461° more, = 213 + 461 = 674°. Now, if T = 811°, and 

t fl 7 <° .i T °- T 811-674 137 nifl . ... 

T, = 674 , then — ^ — ■ = — ^ = g^r — 0.169, or say l&A 

per cent. That is, the range of temperature between initial and 



exhaust steam being 137° Fahrenheit, mid the absolute initial teni- 
penttnra befog Sll" Fahrenheit, nob a steam engine, on account of 
being obliged to let the steam go while it still has a temperature 213° 
above Btro Fahrenheit ~ 074 J above absolute zero (which is 461.2° 
say, 461° below zero Fahrenheit), has within its reach, if it could save 
it all, only 16.9 per cent, of the whole work contained in the initial 
steam in the form of heat. Such an engine will in fact yield about 
6 percent.; and, dividing this 6 per cent, by the 16.9 per cent., 

we have ,■.,,= -355, or 35.5 per cent., as the ratio of usual engine 

performance to perfect performance of a perfect heat engine, under 
the above usual conditions. 

About two-thirds, then, of the heat work that may at least be 
striven for is usually lost. 

Where is tliie loss? In the engine chiefly ; but the boiler must 
come in for a share. 

Let us see what the boiler's share of tins loss amounts to. Pure 
carbon perfectly burned, with just sufficient air to supply the 
requisite oxygen, will produce mixed gases weighing 12.6 pounds 
for each pound of carbon : 

Carbon, 1.0 Carbon, 1.00 
Air, J1L6 Oxygen, 2^66 
12.6 CO, 3.66 ] 

Nitrogen, 8.94 I Products. 
T£60 J 

The specific heat of carbon dioxide is 0.216; that of oxygen, 
0.217; nitrogen, 0.244; atmospheric air, 0.238. It follows that 
the specific heat of all the products of combustion, with whatever 
excess of air over that chemically necessary to the complete com- 
bustion of carbon, is about 0.237, and that, to heat one pound of 
water 1° Fahrenheit, 4.22 pounds of such gaseous products must 
be cooled an equal amount. If a pound of coal were pure carbon, 
its gases would weigh, without excess of air, 12.6 pounds; with 60 
per cent, surplus, 18.4 pounds; with 100 per cent, surplus, 24.2 
pounds; with 125 per cent, surplus, 27.10 pounds; and with 150 
per cent, surplus, 30.00 pounds. But of commercial coal only five- 
sixths is carbon. We neglect the water for oxygen and hydrogen) 
— as the quantity, small at most, is variable, and its effect on the 
result would not justify 1 tie complication its consideration would 
cause — and simply take five-sixths of the above quantities, and 
tabulate them, with the corresponding weight of water per degree, 
and the thermal units expressed in foot-pounds. 
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TABLE I. 

GASEOUS PRODUCTS OP THE COMBUSTION OF ANTHRACITE COAL, AND THE LOSS 
CAUSED BY THE ESCAPE OF THESE GASES AT SEVERAL ASSUMED TEMPERA- 
TURES ; WITH JUST SUFFICIENT AIR FOR PERFECT COMBUSTION, AND WITH 
VARIOUS DEGREES OF SURPLUS, 50, 100, 125, AND 150 PER CENT. 



Excess of air 

above that 

chemically 

necessary for 

combustion 

of carbon, per 

cent, of tne 

necessary 

quantity. 


Weight of the 
gaseous pro- 
ducts of com- 
bustion of 
the cirbon in 
one pound 
of anthracire 
coal, 5-6 of 
coal. 


Correspond- 
ing weight of 
water which 

could be 

heated 1° by 

cooling these 

gases 1°. 


Thermal 
units ex- 
pressed in 
foot-pounds, 
one tnermai 
unit being 
772 foot- 
pounds. 


Total for 300° 
above ex- 
ternal air. 

Foot-pounds. 


Total for 400° 
above ex- 
ternal air. 

Foot-pounds. 


Total for 500° 
above ex- 
ternal air. 

Foot-pounds. 


1 


2 


3 


4 


5 


6 


7 




50# 

100* 

125* 

150* 


Pounds. 
10.50 

15.333 

20.166 

22.583 

25.000 


Thermal 
units. 

2.4881 
3.6335 
4.7788 
5.3515 
5.9242 


Foot-Lbs. 
1,921 

2,805 

3,689 

4,131 

4,573 


Foot-Lbs. 
576,300 

841,500 

1,106,700 

1,239,300 

1,371,900 


Foot-Lbs. 
768,400 

1,122,000 

1,475,600 

1,652,400 

1,829,200 


Foot-Lbs. 
960,500 

1,402,500 

1,844,500 

2,065,500 

2,286,500 



I have made the divisions above mentioned for various tempera- 
tures, ranging from 300° to 700° above the external air, and have 
tabulated the result in the following table : 

TABLE II. 

RATIO, PER CENT., OF THE HEAT CARRIED OFF BY THE GASEOUS PRODUCTS 
OF COMBUSTION TO THE TOTAL CALORIFIC POWER OF EACH POUND OF COAL J 
WITH VARIOUS DEGREES OF EXCESS OF AIR, AND AT VARIOUS TEMPERA- 
TURES OF THE ESCAPING GASES ABOVE THE EXTERNAL AIR. 



Excess of air 
above that chemic- 


RATIO OF LOSS TO TOTAL CALORIFIC POWER. 
PER CENTUM. 


ally necessary for 

combustion of 

carbon, per cent, of 

the necessary 

quantity. 


Temperatures above external air. 


300° 


400° 


5 0° 


600° 


700° 


800° 


75° 


1 


2 


3 


4 


5 


6 


7 


8 




50% 
100# 
125# 
150£ 


6.18 

9.02 

11.86 

13.29 

14.71 


8.24 
12.03 
15.81 
17.72 
19.61 


10.30 
15.04 
19.77 
22.15 
24.52 


12.36 
18.04 
23.72 
26.58 
29.42 


14.42 
21.05 
27.67 
31.01 
34.32 


16.47 
24.06 
31.63 
35.44 
39.23 


1.55 
2.25 
2.97 
3.32 
3.68 
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Since, as we have seen, the total calorific power of tlic fire-shtlis 
of a pound of carbon in one pound of commercial coal is rivc- 
nixths <jf 14,r.00, equal to 12,083 thermal units of 772 foot-pounds 
each, equal to 9.828,076 foot-pounds, the numbers in the columns 
5, 6, and 7 of Table I., divided by 9,328,076, will give the respect- 
ive ratios of loss from this cause in each case. 

Doubts may be entertained aa to so large an excess of air as 150 
per cent, occurring in practice. In fact, it is very common. It is 
not easy to carry on complete combustion by means of natural 
draft with less than 100 per cent, excess — t. e,, double tlio 
necessary quantity — reckoned as it usually is at 12 pounds of gaees 
absolutely necessary per pound of coal, as if coal were entirely 
composed of carbon. Now, 25 pounds of gaseous products for tk 
combustion of one pound of anthracite coal containing only five- 
sixths of a pound of carbon, and producing, with no excess of air, 
only 10.5 pounds of gases, is equal to (-^f, = 2.38) 138 per cent, sur- 
plus air. Experiments to ascertain the composition, volume, and 
temperature of the gases from 17 boilers, burning good anthracite 
coal at a known rate, with great care, and under most favorable 
conditions of draft, grate area, rate of combustion, area of hi 
ing surface, and general management, gave, by amdysis, carl 
dioxide (no monoxide), nitrogen, and free atmospheric air — t! 
latter being one-half of the whole. A check upon the accuracy 
these results was found in the temperature of the furnace. Tli 
should be, with double supply of air, about 2,000° Fahrenheit. 
was found to be a little less, about 2,400". In my opinion, it 
understating rather than overstating the matter to say that 
average of good practice would show a double supply of air. 

If we take as the most common boiler pressure in station] 
boilers 80 pounds per square inch above the atmosphere — say 
pounds absolute — its temperature, 824° Fahrenheit, will be that 
the cooling surface to which the hot gases are exposed, In Btrii 
ness, the temperature of the outside of the boiler plates will 
higher than this, aa 324° must be about their temperature inside, 
and the transmission of heat from without implies a higher tem- 
perature on the outer surface. Data exist for the computation of 
this exterior temperature under given conditions; but the compi 
tation is unnecessary here. It is probable that there can be 
active transmission of heat from the gases without to the wi 
within a boiler, with less than 75° difference of temperature with: 
and without, which will include the difference in the two sides 
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the plates. Professor Dwelsbauvers-Dery, in an article published 
in the Revue IndastrieUe des Mines, of which a translation 
appears in Van Nostrand's Engineering Magazine for February, 
1880, estimates this difference at 91° C. = 164° Fahrenheit, which 
seems to me excessive; but 75° is probably quite within the mark. 
Observation of a pyrometer in the smoke-box of a re turn -tubular 
boiler at all stages of the fire has satisfied me that in excellent 
boilers, well fired, having a ratio of heating surface to grate area 
as large as 36, the temperature of the escaping gases rarely, if ever, 
falls lower than 75° above the temperature duo to the steam press- 
tire, except when the fire-doors are open, and there is great and 
unusual excess of air admitted. Adding 75° to the temperature 
corresponding to 80 pounds steam-gauge pressure, 324 c , we have, 
say, 400° as the lowest practicable temperature of escaping gases. 
This will be confirmed by the best practice under favorable con- 
ditions; and the actual temperature will range through a low 
average of 500" and a high average of 600" up to 800° or over; 
in some extreme cases going up to high incandescence, or over 
1,000°. 

How much of this loss can be saved and returned to the fire? 
By the Marland plan of passing the gases after their escape from 
the boiler through thin passages, the thin walls of which are in 
contact on their opposite sides with air for supplying combustion, 
entering with a current flowing in a direction opposite to that of 
the gases, the final temperature of the cooling surfaces becomes 
that of the external air, say, as an approximate mean, 60° Fahren- 
heit, to which the temperature of the gases may be made to ap- 
proximate as closely as to the temperature of the water in the 
boiler, say within 75", making their ultimate temperature, on 
release, 60 + 75 = 135°. This is not too hot for discharge through 
a Root blower, while it is too cool to give efficient draft in a 
chimney. At this temperature the ratio of irrevocable loss becomes 
one-fourth as much as at 300 13 above outside air, say, for double 
supply of air (100 per cent, surplus), 2.97 per cent. 

I have set the several ratios in an additional column at the right 
hand of Table II., column 8. Taking now the ratios of loss, with 
100 per cent, surplus air, from Table II., and subtracting from each 
one this final loss, we have 
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EXTERKU. 




300" 


400' 


CO" 


000° 


100" 


800* 


1 


• 


a 


* 


» 


" 


" 


Pint loss 


11.ee 

2.97 


15.81 
8.97 


IB. 77 
3.97 


23.72 
2.97 


27.07 
2.97 


31.63 
2.97 


Actual saving . . . 


8.89 


13.84 


16.80 


30.75 


24.70 


28.66 



It appears, then, that under ordinary circumstances from 16 to 
20 per cent, of the total quantity of heat produced by the combus- 
tion of anthracite coal can certainly be saved and returned to the 
furnace by the Marland apparatus, judiciously arranged and pro- 
portioned ; that in no circumstance! can such saving fall so low as 
10 per cent. ; and that it will often he 25 per cent., and may, in ex- 
treme eases, reach 30 per cent. 

The rate of evaporation per pound of coal from feed water at 60% 
under 80 pounds steam-gauge pressure, say 324°, is certainly, in 
general, below 8 pounds. Indeed, 8 pounds of dry steam is a fair 
result, 8.25 pounds a good result, 8.5 pounds very good, and 9.0 
pounds about the best usually attainable, being rather over 10,000 
thermal units, winch corresponds to 69 per cent, of the full calorific 
power of carbon, and is, for coal of five-sixths carbon, a high result. 

If we take, as we properly may, 8.5 pounds of water evaporated 
into dry steam of 80 pounds 6teaiu-gauge pressure from feed water 
of 60°, with one pound of anthracite coal of five-sixths carbon, as cor- 
responding to an air supply of 100 percent, surplus, and escaping 
temperature of gases of 400° above external air, the apparatus, in 
effecting a saving of 12.84 per cent., would add to the evaporation, 
say, 12.84 per cent, of 10.8 = 1.4 pounds, making (8.5 + 1.4) 9.9 
pounds; 10.8 pounds being the full evaporating power of such eoal 
under the given conditions. To about this degree of efficiency, or to 
nearly or quite 10 pounds of water per pound of five-sixths coal from 
water of 60" to steam of 324° (80 pounds steam-gauge), this appa- 
ratus should be able to bring all good boilers, with whatever excess 
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of air, or at whatever (reasonable) degree of heat, the gases were al- 
lowed to escape from the boiler. Not only will this apparatus re- 
store to the furnace a large part — from four-fifths to eight-ninths of 
the heat otherwise inevitably lost ; not only will it serve as a " heat- 
trap " to arrest and restore the loss otherwise inevitable by admis- 
sion of cold air at the doors while firing and clearing out fires, and 
by the neglect or unskillful ness of firemen — it will also, I have no 
doubt, increase the rapidity of combustion, and so enable complete 
combustion to be carried on with a smaller quantity of air, i. e., 
with less excess over the quantity chemically necessary. 

It is true that by heating air from 60° up to 385° (that is, up to 
400° above the temperature of external air less 75° of final differ- 
ence), or from 521° to 846° absolute temperature, its volume will 
be increased in the ratio of these latter numbers, as 1 to 1.624, or 
about one to one and five-eighths : eight (8) cubic feet of air in the 
atmosphere will occupy thirteen (13) cubic feet in the pipes con- 
ducting it to the fire, whether above or below the grates. 

Of course its densitv is in the same inverse ratio. Thirteen 
cubic feet of the heated air (385°) must be admitted to the fire and 
to contact with glowing fuel, in order to introduce as much oxygen 
as would be contained in eight cubic feet of the cold air (60°). 

Equally, of course, the entering velocity must be greater in the 
some proportion, since the aggregate area of all the orifices through 
the grates and fuel may be regarded as constant. 
This has been urged, sometimes most strenuously, as an objection 
to heating air before its introduction to the fire. The objection 
seems to me to rest on a partial view of the conditions of air- 
admission. It may be conceded that cold air in necessary quantity 
will enter the ash-pit, and will pass through the interstices of the 
grates, with less velocity than will the same quantity of heated air. 
But in these passages the area is (or always may be) amply large, 
and the velocity moderate. It is also true that, on entering the 
lower stratum of fuel, the velocity of the heated air will be the 
greater. But the very first effect of the chemical union of any part 
of the oxygen *with any part of the carbon is to heat the gases as- 
sociated with such oxygen — that is, its associated nitrogen and 
the atmospheric air yet containing its oxygen, together with 
the carbon dioxide resulting from such union or combustion — to 
the full extent to which the entire heat of combustion can raise the 
given mass of gases. This will be, approximately, the temperature 
of the furnace, a little modified, probably a little increased, by the 
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subsequent union of further portions of oxygen with new portions 
of etrbon encountered during the farther progress of the mixed 
gases through the fuel, until they emerge, further de-oxygenated and 
fnrtlier loaded with carbon dioxide, at the surface of the fire. If 
there is not, as there need not lie, any carbon monoxide, the gases 
will be at their hottest and at their greatest volume on emerging 
from the surface of the fire. 

Any further admission of air will only cool them by dilution. 
If their temperature be now 2,500° Fahrenheit = 2,9G1° absolute, 

their volume will be -gs=- = 5.7 times that of air of tempera- 

2961 
ture 60°, and -xt^- = 3.5 times that of air of temperature I 

Now it is the volume of the gases at their final emergence from 
the interstices of the fuel that determines their flow — determines 
the force of draft or blower required to produce that flow. The 
expansion, which of necessity takes place in the most confined 
space — namely, in the interstices of the fuel — acts equally in all 
directions. Although all in motion upward through the fire, its up- 
ward portion, being most expanded, is moving more rapidly tli 
less expanded lower portion ; and its expansive force, acting down- 
wardly, simply retards the upward flow of entering air. Latei 
expansion aids in bringing fresh oxygen into contact with uncon 
Burned carbon. Upward expansion aids, and downward expausloi 
retards, the draft. Now it is plain that this effect must be tin 
greater, the greater the degree of expansion which takes pi 
within the interstices of the fuel. 

With air supply at 60°, it is 5.7-fold. "With equal air supply (by 
weight), at 385°, it is 3.5-fold. 

This difference is in the right direction to compensate, as far as 
it goes, for the greater force required to introduce the heated air 
with its greater volume and higher velocity, and certainly does com- 
pensate for it to some extent. My impression is, that it exactly 
balances the initial resistance; that the diminution of resistance to 
final expansion is an exact equivalent for the resistance encountered 
on entering; but this opinion is based on general dynamic consid- 
erations, and is not the result of special investigation. Certainly it 
cannot be far wrong. 

Of the higher resulting temperature of the gases, there can 
no question. 

Nor can it be questioned that combustion will be more rapid, 






Carbon (a solid) and oxygen (a gas) unite at all temperatures 
usually met. Anthracite coal wastes, in tlie open air, by alow com- 
bustion — so slow that the resnltiug heat, which is exactly the same 
as if the combustion were more rapid, is dissipated by radiation 
and the convection of the air. The rapidity of combustion is aug- 
mented with the rise of temperature, and is very great at high incan- 
descence. Now, the temperature of the oxygen is no less impor- 
tant than that of the carbon : the higher the sum of their temper- 
atures, the more rapid their union. So far as the associated gases 
are concerned, their higher temperature only serves to communi- 
cate more heat to the mass, or (which comes to the same thing) to 
abstract less from it. 

Combustion being more rapid — being carried on with greater 
avidity — it seems certain that a smaller excess of air will be prac- 
tically required; and, although the Marland apparatus diminishes 
the final loss from excessive air supply, it does not entirely remove 
it, since it must release the gases about 75° above the temperature 
of surrounding air. It also costs something to pass air through a 
blower or a chimney ; and the less of it necessary, the better. 

Grates of ordinary form could not endure a temperature of 400° 
or 500° in the ash-pit; but water grates are well known, and en- 
tirely available. 

This device of Mr. Marland is an application of the well-known 
and firmly established principles of the Siemens regenerating fur- 
nace, by means of appropriate apparatus, to the conditions of such 
furnaces as those of steam boilers, and, if judiciously applied and 
worked out, should be as successful in its sphere as the Siemens 
furnace is in metallurgy. 

This apparatus is particularly well adapted to the combustion of 
anthracite coal. Prideaux justly says (The Economy of Fuel, 
tdited by D. K. Clark, New York, D. Van Nostraud, 1879, Part 

, p. 211), " The less the quantity of hydrogen present, as with 
.nthracite, the greater will be the chance of being able to seize the 
jonomic advantages attendant upon the increased quantity of heat 

ainable by the use of hot air, without having this heat so diluted 
s to make the temperature inefficient." 

There can be no doubt that the heat to be returned to the fur- 
nace would several times exceed that necessary to make the power 
required to drive the exhausting fan, to the operation of which the 
final temperature of the gases presents no objection. No damage 
would probably be done to the plates of the air passages of this 
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apparatus by the heat of the entering gases in any admissible (^ 
cumstances. Such gases are usually received from the flues of r" 4 
turn-flue or return-tubular boilers, in plate-iron smoke-boxes, wirier 
prove as durable as other parts of the boiler and its appurtenance^^ 

The passages are so divided that each one is thin, and the ex-^ 
posed surface is large, so that the temperature would fall rapidly, ^ 
and thin plates must prove durable. The use of an exhaust fan 
will produce an inward draft at all orifices or leaks, which will 
merely increase, in some small but probably insensible degree, the 
load on the blower, but will, on the other hand, keep the incoming 
air free from carbon dioxide and nitrogen, and the fire-room free 
from noxious gases. 

In the construction of new works the outlay for the Marland ap- 
paratus will be, or at least may be, largely offset by saving in the 
cost of a chimney. 

If this apparatus can be successfully applied to marine engines, 
the gain by reduction of coal cargo, and by the increase of paying- 
freight carrying-capacity, is too obvious to require comment. 

The arrangements for cleaning out the smoke passages seem to 
be convenient and efficient. The whole apparatus bears marks of 
thoughtful study, and seems to me to promise results worth some 
effort and expense to put to the proof of practical working. 
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"When these experiments were undertaken, it was assumed that 
certain letters patent granted to Obadiah Marland, described in 
Appendix A, might be considered valid. Subsequent investigation 
disclosed letters patent of Great Britain of earlier date, which 
seemed to limit, at least in some degree, the scope of the claims in 
said Marland's patents. Without expressing any opinion upon the 
effect of such apparent anticipation, I have thought it proper to 
call the apparatus used in these experiments (which differed in 
many respects from Marland's), by the general name of a " Warm- 
Blast Apparatus." J. C. H. 
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